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ABSTRACT 
Spacecraft thermal-control subsystems are necessary to maintain all clements of 
a spacecraft system within their temperature limits for all mission phases. In mosl 
instances the heat inputs are highly variable with time, requiring thorough transicnl-
analysis of thermal flow within the spacecraft. Additionally, steady-state thermal 
profiles are necessary for precise overall thermal-analysis. The objective of this 
thesis is to develop a steady-state thennal model of the Electric Power Subsystem 
(EPS) and its associated housing for the Petite Amateur Navy Satellite (PANSAT). 
This task is undertaken to identify any physical locations within the EPS where 
tcutperaLUres exceed the limits established to protect sensitive electronic 
components. Software generated steady-state analysis using only contact-
conductances for the EPS through the housing attachment is perfonned. It is 
shown that given the geometry of the physical model, the conductive relations 
developed, and the given boundary conditions, the steady-state temperature of the 
EPS and its associated housing will remain within limits. Accesion For 
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I. INTRODUCTION 
In order to maintain all the elements of a spacecraft system within their temperature limits 
for all mission phases, thermal analysis of individual spacecraft subsystems is necessary for 
thermal-control subsystem design. Thermal-control designers must account for heat inputs from 
several sources, such as the Sun, the Earth, and electrical and electronic components on-board the 
spacecraft. In most instances the heat inputs are highly variable with time, requiring thorough 
transient-analysis of thermal flow within the spacecraft. Additionally, steady state thermal profiles 
arc necessary fN overall thermal analysis. l)uring the preliminary mission design of a spacecraft 
there arc several thermal issues which must be addressed. A review of these issues bounds the 
thermal design problem. The first step in the thermal design of a spacecraft is to determine key 
requirements and constraints, which include the temperature limits and power dissipation of all 
spacecraft comronents. Next, spacecraft altitude and orientation relative to the Earth and Sun for 
all mission phases is detemined in order to calculate the minimum and maximum thermal flux 
from each of these celestial bodies. With this, environmental heat inputs on the exterior surfaces of 
the spacecraft can be calculated. Once thermal boundary conditions are established, temperature 
limits defined, software modeling developed, and any other miscellaneous requirements understood, 
a complete spacecraft thermal subsystem can be developed. 
A. THESIS SCOPE 
The purpose of this thesis is to develop a steady-state thermal model of the Electric Power 
Subsystem (EPS) and its associated housing for the Petite Amateur Navy Satellite (PANSAT) 
This task is undertaken in order to identify any physical locations within the EPS where 
temperatures exceed the limits established to protect sensitive electronic components. Software 
generated steady-state analysis using only contact conductam.:t::s through the housing attachment is 
studied to pinpoint any physical locations that deviate from the allowable temperature ranges. To 
gcnerat.; the data needed for analysis it was necessary to determine circuit board layouts, which 
------------------------------------------------------------------------------
included component locations and board sizes. in addition to power dissipation rcquirel!!cnts of 
individual components. From this information. thermal nodes and thermal conductivities between 
nodes were calculated. Inward-viewing box geometry was cn:ated to physically model the EPS 
Finally. the EPS housing was sized for thickness and structural integrity for a d~namic 
environment with an emphasis on thermal concerns. 
B. BACKGROUND 
A basic llnderstanding of thermal conductivity and ofthe Integrated Thermal Analysis 
System (IT AS) software used to thermally model the EPS is necessary to appreciate the scope of 
this thesis 
1. Heat Conduction 
a. Conduction 
Whenever a temperature gradient exists in a solid medium, heat will flow from the 
higher-temperature to the lower-temperature region. The rate at which heat is transferred by 
conduction is proportional to the temperature gradient multiplied by the area of flux through which 
heat is being transferred: 
dT q=A-
dx 
(I) 
The actual rate of heat flow depends on the thermal conductivity. k, which is a physical property of 
the medium. For conduction through a homogeneous medium. the rate of heat transfer is then: 
dT 
q = -kA dx (2) 
The minus sign is included as a result of the second law ofthermodynamics which requires that 
hl.!<lt must flow from a higher-temperature region to a lower-temperature region. Equation (2) 
provides the definition for the thermal conductivity. k. and is called Fourier·s Law of Conduction 
in honor ofthe French scientist JB.J. Fourier. who proposed it in 1822. The thermal conductivity 
is a matenal property that indicates the amount of heat that will flow per unit time across a umt 
area when the temperature gradient is unity. Although. in general. the thermal conductivity varies 
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with temperatun:. m many engineering problems the variation 1s sufficiently small to be neglected 
For engineering calculations. experimentally measured values of thermal conduct!Vlty arc used 
[Ref I: p 4-8] 
The best thermal conductors arc metallic solids and the poorest ones arc gases In 
between lie alloys. nonmetallic solids. and liquids Solid materials consist of free electrons and of 
atoms in a periodic lattice arrangement Thermal energy may thus be conducted by two 
mechanisms migration of free electrons and lattice vibration. These two effects arc additive. but. 
m general. the transport due to electrons is more effective than the transport due to vibratwnal 
energy in the lattice structure. Since electrons transport electric charge in a manner similar to the 
way in which they carry thermal energy from a higher-temperatur~ region to a lower-temperature 
regwn. good electrical conductors are usually also good heat conductors and good electncal 
msulators arc poor heat conductors. In non-metallic solids there is little or no electronic transport 
and the conductivity is therefore primarily determined by lattice vibration. This explains why these 
matenals have a lower thermal conductivity than metals. An important group of solid materials for 
heat transfer design are thermal insulators. These materials are solids, but their structure contains 
air spaces that are sufficiently small to suppress gaseous motion and thus t'lke advantag..: uf the 
low thermal conductivity of gases in reducing heat transfer. Although we usually speak of a 
thermal conductivity of thermal insulators, in reality the transport through an insulator is 
comprised of conduction as well as radiation across the interstices filled with gas. In good 
iosuldtuts the spaces containing the air are sealed from each oi.h\..t, C1.') in cellular foan~s made frcr:: 
plastic or glass. The thermal conductivity value of insulation systems is always an effective value 
that accounts for conduction, radiation, and sometimes also convection withm the mate~al. fRef I : 
p, l0-\2} 
b. Thermal Conductance 
To establish the working equation for thermal conductar.ce that will be used in 
calculations for this thesis. examine the simple case of steady-state heat flow through a plane wall 
with a non-varying temperature gradient and non-varying heat flow through a uniform cross-
sedional area. Using these assumptions and integrating equation (2) we obtain: 
------------------------------------------------------
q = 
I I Ak 
(~) 
In this equation. (Th,,,- Tcolct). the difference between the htgher-temperature region and the lo\\cr-
temperature region ts the dnvmg potential that causes the flow of heat The quanttt~ (L/Ak) ts 
cqul\ alent to a thermal resistance. R. that the theoretical wall offers to the flow of heat b~ 
conduction. thus· 
R=L/Ak (4) 
The reciprocal of the thermal resistance is referred to as the thermal conductance. K. defined h~ 
!Rd I p 6.71 
K=Ak/L (5) 
c. Contact Resistance 
When different conducting surfaces are placed in contact. a thermal resistance ts 
present at the interface of the solids. The interfacr resistance. frequently called the contact 
rest stance. ts developed when tv.-o materials will not fit tightly together and a thin layer of fluid is 
trapped between them. Examination of an enlarged view of the contact between t\'m surfaces 
shows that the solids touch only at the peaks m the surface and that the valleys in the matmg 
surfaces arc occupted by a gas (possibly atr). a liquid. or a vacuum. The following parameters are 
of pnmary Importance 
• Geometry of the contacting material: surface roughness 
• Thickness of the gap 
• 'Yype of interstitial fluid gas. liquid. grease. vacuum 
• Thermal conductivities of materials 
• Microhardness of surface materials 
• Contact pressure 
• Apparent contact area 
• Temperature 
At the interface. the mechanism of heat transfer is complex Conductance takes place t'1rough the 
contact pomts of the solids. while heat ts transferred by convection and radiation across the trapped 
mtersttttal fluid (Ref I p. 12) 
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It 1s difticult to dctcrmme the surface quality of a matcnal Surface quaht1cs mcludc 1ts 
geometry. crystal structure. appearance. color. resistance to corroswn. hardness (miCrohardncss). 
and s1zc and shape of surface flaws The surface deviations determine the surface roughness 
There arc three types of surface deviations: surface flaws. waviness. and roughness Surface fla\\ s 
arc occas1onal mcgulantles; wavin-:ss consists ofwidely spaced irregulanties such as feed marks; 
and roughne~~ canSISts of finely spaced irregularities (1-.:ss than 1132 in.) wh1ch determmc the 
· fimsh · of a surface. The average height of surface irregularities is a measure of roughness but 
not a compktc specification of the character of the irregularities A preferred set of roughness 
classes has been suggested from 114 in. to 63.000 microin .. as average. [Ref 2 p.l3-65] 
Hardness of materials has been variously defined as resistance to local penetration. to 
scratchmg. to machining. to wear or abrasions. and to yielding. The multiplicity of definitions and 
corresponding multiplicity of hardness measuring instruments. together with the lack of a 
fundamental definition. indicates that hardness may not be a fundamental property of a material 
but rather a corr.~~site one including yield strength. work hardening. true tensile strength. modulus 
of elast1c1ty. and others The resistance to localized penetration. or indentatior hardness. is widely 
used mdustrially as a measure of hardness and is the one measure used for this thesis.[Ref 2: p.S-
15] 
There are several indentation tests commonly utilized. The Brinell hardness is 
determined by forcing a hardened sphere under a known load into the surface of a material and 
measuring the diameter of the indentation left after the test. The Brinell hardness number is 
obtamed by dividing the load used. in kilograms. by the actual surface area of the indentation. in 
square millimeters. The result is a pressure, but the units are rarely stated. In the standard Brinell 
test. the diameter of the impression is measured with a low-power hand microscope. but for 
production work there are available several testing machines which automatically measure the 
depth of the impression and from this give readings ofhardness. 
In the Rockwell method of hardness testing, the depth of penetration of an indentor 
under certam arbitrary conditions of test is determined. The indentor may be either a steel ball of 
some specified diameter or a spherical-tipped conical diamond of 120 deg. angle and 0.2 mm t1p 
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rad1us, called a "Bralc ". A minor load of i 0 kg is first applied which causes an initial penetration 
and holds the indentor in place. Under this condition. the depth-measuring scale is set to its 
arbitrary maximum value of 130 if any of the balls arc used. or to I 00 if the Bralc is used A 
major load of 60 I 00. or 150 kg is then applied under dash pot control and then removed. returning 
to the mmor load of I 0 kg. The hardness number may then be read directly from the scale which 
measures penetratiOn. and this scale is so arranged that soft materials with deep penetrations give 
low-hardness numbers. As compared with the Brincll test. the Rockwell method makes a smaller 
mdcntation. may be used on thinner material, and is much more rapid since hardness numbers arc 
read directly and need not be calculated. Titc relation among the scales ::Jf various hardness 
methods is not exact, since no two measure exactly the same sort of hardness, and a rei a! ionship 
determined on steels of different hardncsscs is only approximately tmc with other materials. The 
Bnncii-Rockwcll relation is fairly satisfactory and is shown in Figure I. 
• g,~or-~--~--r-~--;;~r-~roo 
~ 
£ 120 f---4---f---' 
u 
If) 
!100 1---+-- ~-+---t-r+--~-;soo ~ 
E 
" p 80 t--!--l--f---1. ::> ·--~-,.,_--1400 c 
d. .loi11t Collducla/lce 
.. 
Y:..-+----Jt>-"""'1 300 .: 
-~ 
> 
..;;._+--4200 
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Figure 1. Hardness Scales 
!Ref 2: p. 5-161 
What follows in this section is based on work in thermal contact by Professor M. M. 
Yovanovtch of the University of Waterloo, in Waterloo, Ontario. 
0ncc the mil.rohardncss, H, the thennal conductivity, k, and surface roughness. S,. 
arc determined for both surfaces, and interstitial fluid trapped between the two surfaces. if any, ts 
1dcnt•ficd. we can proceed with calculations to determine the joint conductance. Additional 
information required includes the cont?.ct pressure ofthe surfaces. P, the apparent contact an:a of 
the two surfaces. A., and temperature of the surfaces. We define the joint conductance. h. as 
follows with he being the contact conductance and hg being the gap conductance: 
(6) 
(I) Contact Conductance. The first step in calculating the contact conductance is to 
determine the mean thermal conductivity, k., ofthe two surfaces: 
2(ki)(k2) ks = --'--'---'-
ki+k-2 (7) 
The hardness of the softer material is the£' utilized to find P/H. The value for PIH and the 
measured readings for surface roughness of the materials are input into the following equation 
which is then solved for he, the contact conductance: 
(1.25)ks(P I H) 95 he = ..o.__::__::__ _ _c:_ 
Sr (8) 
(2) Gap Conductance. For a complete explanation and derivation for the gap 
conductance, refer to works by Professor Yovanovich. For the purposes of this thesis, the 
interstitial space is assumed to be a vacuum and hg, the gap conductance, is assumed to be zero. 
2. Integrated Thermal Analysis System 
The Integrated Thermal Analysis System (IT AS) was developed by the Analytix 
Corporation in 1988. IT AS was developed to assist spacecraft designers in all tasks in thermal 
design modeling from geometry generation to results post·processing for various engineering 
computations. These computations include orbital analysis, thermal analysis. contamination 
evolution, plume impingement. etc. The current interactive version of the code fully supports all 
capabilities relevant to the spacecraft thermal analysis, namely, view factors (contour integration 
and ray tracing). shadow factors (blockage), on~rbit incident flux determination for various 
orientations, radiation interchange factors, on~rbit absorbed heat·rates calculations in addition to 
steady·state and/or transient temperature computations. There are other capabilities that may be 
reviewed in the IT AS Users Manual and are not discussed further here. 
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IT AS is an integrated. interactive. and fairly user-friendly codt: Once started. the ust:r 
may select various options from well designed color menus. depending on the purpose. to calculate 
or plot various parameters interactively. No special compiler or linker program is necessary to run 
IT AS. which simplifies the loading and running ofthe main program. No in-depth knowledge of 
DOS is required. although an understanding of the basic concepts of heat transfer is necessary for 
some user provided calculations. 
Utilizing IT AS begins with generation of the geometric model. IT AS may be used to 
interactively generate surface geometry models from ''primitives" (basic shapes). These shapes 
include polygons. boxes. disc's. cones, cylinders, paraboloids, spheres, any generic surface of 
revolution. gene1ic boxes of any cross-section, and elbows of any angle. All shapes generated are 
stored m a file called a PARTS file. A PARTS file may consist of 1000 or more parts (the 
number of parts is limited only by the available disc space) and any number of parts may be chosen 
for building a geometric model. The parts generated may then be selectively plotted for model 
building. Once a model is displayed on the screen, surface node numbers and user-assigned 
thermal node numbers are assigned to the active surfaces in thl. geometric model. 
Once the geometric model is built and surface nodes generated, material properties may 
be assigned to each surface or node via a reference number from the internal IT AS material 
property library. Two sets of material property libraries may be accessed from within the ITAS: 
the optical characteristics library and the physical property libra!)·. 
The optical library currently contains about four hundred solar absorbtivity and 
emissivity pairs for coatings and other surfaces and their finishes from white paint to many 
variations of metallic surfaces. The optical property library may be accessed from different 
locations within the program. enabling the user to ut;Iize the information within without leaving the 
main routine. When a material 1.0. is entered for a particular surface, the program will 
automatically assign those optical properties to the surface for all calculations. The contents of the 
library may be updated by the user. 
The physical property libra!)· provides information-only data to the user. There are over 
eleven hundred material entries in this libra!)·. The following material properties may be obtained 
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from this database: thermal conductivity, specific heat, density, latent heat, and maximum or 
transition temperatures of a specific material. Some of these values are later used in calculations 
for conductive relationships. Once the geometric model with IT AS generated surface nodes and 
their associated material properties are entered, then user-defined nodes are entered by the user. 
User-nodes are non-geometric nodes and, therefore, do not have any ""physical" presence 
(surface) in ITAS. These nodes are used for mathematically connecting all the surfaces in the 
geometric model and any other surfaces the user desires. Three types of thermal nodes are allowed 
in ITAS. First, Diffusion nodes are nodes with finite masses; Second, a Boundary node is a node 
where the temperature remains fixed at all times; Third, an Arithmetic node is a node with zero 
mass. The temperature response of an Arithmetic node is instantaneous. Arithmetic nodes exist 
mathematically in IT AS only, not as physical nodes. 
When all user-nodes are entered, conductive values must be calculated and entered for 
nodal connections. Except for some specialized situations, all conductance values must be pre-
calculated by the user. The current version ofiTAS will not automatically calculate the 
conductance between the nodes. 
The preceding paragraphs represent the minimum required tasks to be completed in 
order to execute an IT AS run. Other options are available with the problem dictating option usage. 
9 
II. THERMAL MODEL 
A. MATERIAL 
In order to create the thermal model, the materials for all components and structures must be 
selected, as well as their geometry. Judicious selection of nodes must be made as well as the 
following thermal model material parameters determined. [Ref. 3: p. 435] 
• Strength 
• Stiffness. 
• Density (weight) 
• Thermal conductivity 
• Thermal expansion 
• Corrosion resistance 
• Cost 
• Fracture toughness 
• Ease of fabrication 
• Versatility of attachment options 
• Availability 
In addition to the above mentioned mechanical and thermal properties of spacecraft 
materials, there are other properties of note such as ductility, brittleness, creep, and fatigue 
strength. 
Ductility measures the capacity of a material for inelastic deformation without rupture. 
Brittleness indicates little capacity for plastic deformation without failure. Ductility is measured 
by the percentage elongation of tensile test specimen after failure for a specified gauge length. 
Usually, a material having less than 5% elongation at fracture is said to be brittle and one having 
more is said to be ductile. 
10 
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Creep is defined as the time-dependent deformation of a material under an applied load. It is 
usually regarded as an elevated temperature phenomenon, although some materials also creep at 
room temperature. The results oftests of materials under a constant load and temperature are 
usually plotted as strain versus time up to ruptures. The plotted curve exhibits three distinct 
regions. The first stage includes both elastic and plastic deformities. This stage shows a 
decreasing creep rate which is due to the strain hardening. The second stage shows a constant 
minimum creep rate caused by the annealing effect. In the third stage, a considerable reduction in 
the cross-se.ctional area occurs, resulting in an increase in stress and creep rate which eventually 
leads to fracture. 
In a tensile test, the load is applied gradually to the failure. Such load condition is known as 
static condition. A spacecraft is subjected to both static and dynamic loads. In a dynamic load. the 
stresses are repeated a large number of times, the actual maximum stress is below the ultimate 
strength of the material and quite frequently even below the yield strength. Such failures are called 
fatigue failures. 
A fatigue failure starts with a small crack. Once a crack has developed, the stress 
concentration effect becomes greater and the crack progresses more rapidly. As the stress area 
decreases in size, the stress increases in magnitude until the part fails suddenly. The failure is 
similar to brittle material fracture. 
For ferrous materials, the strength und(;r repeated stresses is often referred to as the 
endurance limit. Endurance limit stress is the stress that can be repeated an infinite number of 
times ·without causing the fracture of the material. Nonferrous materials, such as aluminum alloys, 
do not have an endurance limit, as they continue to weaken when the stress cycles are repeated. 
Hence the fatigue strength is the maximum stress that can be repeated for specified number of 
cycles without producing the failure of the unit. 
Stress concentration may be caused by any discontinuity, such as holes, notches, and any 
abrupt changes in the cross section. Under steady loads, the effect of stress concentration is 
reduced due to the redistribution of the stresses in the region of the stress concentration, resulting 
from the plastic flow of the material when the maximum stress reaches the yield point. The effect 
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of the stress concentration on the brittle material, under a steady load, may be severe since very 
little plastic flow occurs. Under repeated loads, however, the endurance strength of even ductile 
material may be greatly reduced due to stress concentration. [Ref. 4: p. 244-248] 
1. Material Selection 
For structural and component housing designs, the engineer must consider optional 
materials. types of structures, and construction methods by performing trade studies to compare 
weight and cost. Most metals are very nearly homogeneous, having constant properties throughout 
their composition, and isotropic, having the same properties regardless of direction. Non-metals 
are usually fonned with composites, or blends of more than one material. Composite materials can 
be homogeneous or isotropic, but not generally. 
a. EPS Housing 
By far the most commonly used metallic material for spacecraft structures and 
housings is aluminum, of which there are many types and tempers. Aluminum IS lightweight, 
strong, and readily formable. Aluminum and its alloys, numbering in the hundreds, are available in 
all common commercial forms. The metal does not oxidize progressively because, when exposed 
to air. a hard, microscopic oxide coating forms on the surface that seals the metal from the 
environment. The tight chemical bond of oxide is the reason that aluminum is not found in nature; 
it exists only as a comp0und. 
Aluminum-alloy sheet can be fanned, drawn, stamped, or spun. Many wrought or 
cast aluminum alloys can be welded, brazed, or soldered, and aluminum surfaces readily accept a 
wide variety of finishes, both mechanical and chemical. Because of their high electrical 
conductivity, many aluminum alloys are used as electrical conductors. Aluminum reflects radiant 
energy throughout the entire spectrum, is non-sparking, and non-magnetic. 
Commercially pure aluminum has a tensile strength of about 13,000 psi. Cold-
working the metal approximately doubles its strength. For greater strength, aluminum is alloyed 
with other elements such as manganese, silicon, copper, magnesium, or zinc. Like pure aluminum. 
the alloys can also be strengthened by cold-working. Some alloys are further strengthened and 
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hardened by heat treatments At subzero temperatures, aluT'linum is stronger th:1n at roo,n 
temperature and is no less ductik Most aluminum alloys lose strength at elevated temperatures, 
although some retain significant strength to 500 deg. F. [Ref. 5· p. 48] 
For this th.;:sis, Aluminwn 606 i-T6 was chosen for the EPS housmg material. It is a 
\\Taught aluminum-alloy containing 61% aluminum, or alloy purity, designated by the third and 
fourth digits, with a combination of magnesium and silicon as the major alloying elements. The T6 
suffix in the designation number indicates that the alloy was solution-heat-treated and artificially 
aged. 
b. Printed Circuit Boards 
The printed circuit boards consist of six-layers with alternating levels of cooper as 
the conductor and polyimide as the insulator, as shown in Appendix A. The copper is exposed on 
the bottom of the printed circuit board and the polyimide is exposed on the top of the circuit board. 
The top layer of polyimide is 'scratched' to allow for the uppermost layer of copper to be utilized 
as the signal layer for the components placed on the circuit board. The ground-layer of copper is 
the fourth layer from the top with the bottom layer of copper acting as the thermal plane. 
Copper and copper alloys are fabricated in rod, plate, strip, sheet, tube shapes, 
forgings, wire, and castings. These alloys are grouped according to composition into several 
general categories: coppers, high-copper alloys, brasses, leaded brasses, bronzes, aluminum 
bronzes, silicon bronzes, copper nickels, and nickel silvers. Copper and its alloys form adherent 
films that are relatively impervious to corrosion and that protect the base metal from further attack. 
The copper alloys are used where any of the following properties are needed: good thermal or 
electrical conductivity, corrosion-resistance, ease of forming, ease of joining, and color. On a 
volume basis, copper has the highest conductivity of any commercial metal. On the other hand, 
copper and its alloys have relatively low strength-to-weight ratios and low strengths at elevated 
temperatures. Some alloys are susceptible to stress-corrosion cracking unless they are stress 
relieved. Copper and its alloys can be hot or cold-worked, although they work-harden. Ductility 
can be restored by annealing or in heating incident to welding or brazing operations. For our 
printed circuit board application as well as any application requiring maximum thermal or 
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electrical conductivity, the most widely used copper is C 11000, kno\\n as "'tough pitch" which 
contains approximately .03% oxygen and a minimum of99.9% copper. [Ref. 5: p. 52] 
As already stated, polyimide was utilized for printed circuit board fabrication. 
Polyimides are a family of some of the most heat and fire-resistant polymers kno\m. Their 
ex::.:!lent !"etention of mechanical and physical properties at high temperatures is due to the nature 
ofthe aromatic raw materials that are building blocks ofpolyimides. 
Polyimides are formulated as both thermosets, and thermoplastics. Moldings and 
laminates are generally based on thermoset resins, although some are made from thermoplastic 
grades. Unlike most plastics, polyimides are available as laminates and shapes, molded parts. and 
stock shapes. Thin-film products such as enameL adhesives, and coatings are usually derived from 
th~.-.u.opii:tstic polylffiloe resms. 
Laminates are based on continuous reinforcements including woven glass and quartz 
fabrics, or fibers of graphite, boron, quartz, or organic materials. Molding compounds contain 
discrete fibers such as chopped glass or asbestos, or particulate fillers such as graphite powder, 
MoS2, or PTFE. 
Polyimide laminates can operate continuously in air at 500 °F; service temperature 
for intermittent exposure can range from cryogenic to as high as 900 °F. Glass-fiber-reinforced 
versions retain over 70% of their flexural strength and modulus at 480°F. Creep is almost 
nonexistent, even at h.!Wt temperatures, and deformation under load (4,000 psi) is less than .05% at 
room temperature for 24 hours. These materials have good wear resistance and low coefficients of 
friction, both ofwhich are further improved by PTFE fillers. Electrical properties ofpolyimide 
laminates are outstanding over a wide range oftemperature and humidity conditions. (Ref. 5: p. 
115] 
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B. GEOMETRY 
I. EPS Housing 
The EPS housing encases the Electrical Power System and is located on the-Y side of 
the upper equipment plate. The EPS will have a maximum mass of 5 Ibm. the EPS must remain 
statically and dynamically within the mounting envelope. Thus, the thickness of tl1e EPS walls 
must be calculated so as to meet these design criteria. Mounting of the EPS to tl1e upper 
equipment plate will be by means of stainless steel screws into tl1e upper equipment plate. The 
EPS housing is to have a mounting surface which is to contact the lower side oftl1e equipment 
plate with a required flatness to within .002 in. over its length and widtl1. The actual dimensions of 
the EPS, as well as the EPS housing location within PANSAT, arc shown in Appendix B. 
The EPS housing is them1ally modeled in the IT AS system as a 6-sided box with the 
dimensions of9 in. in the X-dircction, 8 in. in the Y-dircction. and 1.569 in. in the Z-direction. For 
more precise mathematical construction, the +Y and-Y sides of the EPS housing were divided into 
four distinct physical and mathematical nodes. This geometry is shown in Figure 2. 
Figure 2. EPS Housing and Nodes 
As can be seen in tl1e figure, tl1is results in the EPS housing having 12 physical nodes. It 
should be noted that these 12 nodes represent the inside-surfaces of the EPS housing since this 
thesis is concerned only with the inward-viewing geometry. Outside surface nodes would be 
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required if it were necessary to calculate the radiant thermal flux from other spacecraft 
components. 
2. Printed Circuit Boards 
There were several questions to address in the modeling of the printed circuit boards. 
The first question was whether or not to model the two circuit boards within the EPS as one-sided 
or two-sided for purposes of IT AS calculated view factors. The second question dealt with the 
determination of the number of physical nodes each circuit board would require tor precise 
measurements. Once the number of nodes were determined, in what shapes would these nodes be'' 
Lastly. once the overall thickness of the circuit boards was determined. how would each layer of a 
circuit board be modeled in relation to the other layers of the same board? 
It was determined that for the most accurate measurements, the circuit boards would be 
modeled as 2-sided for view-factor and shadow-factor computations. After examination of both 
the upper and lower circuit board layouts and the power dissipation for each component on each 
board. a physical breakdown into nodes was completed. The printed circuit board layouts, power 
dissipation requirements, and nodal breakdowns for both boards can be found in Appendix A. The 
upper circuit board was modeled as two separate polygons with a total number of 18 physical 
nodes while the lower board was modeled as a single polygon and divided into 12 physical nodes. 
Nodal breakdowns for both boards was based on attempting to maximize the 11umbcr of nodes for 
the sake of accuracy, while striving to minimize the number of nodes for sake of convenience and 
ease of calculation. These two somewhat contradictory approaches yielded the results shown. For 
both circuit boards, all physical nodes were rectangular, a construct which greatly reduces the 
number of user calculations. 
The overall thickness of both circuit boards was determined to be .062 in. The copper 
layers were of the I ounce type which means that the thickness would be that of I ounce of copper 
over a I sq. ft. area. Using the density of copper at 20 °C, yielding 8.96 glcm3, and converting to 
ozJft3 resulted in a density of 8,949 oz/ft3. Solving for the volume, and thus the thickness: 
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~ loz 
t = DLW = (8949oz I ft 3 )(1ft)(1ft) =.OOOll.ft 
t = .00134 in. 
This is the thickness for one layer of the copper. Multiplying by 3 yielded the thickness for all 
copper layers. Subtracting this from .062 and dividing that number by 3 yielded a thickness for 
each polyimide layer of .01933 in. These thicknesses will be used later in calculation of flux areas 
for thermal conductivity between nodes. 
For the modeling of the circuit board layers, each layer was given the identical geometry. 
For the top printed circuit board, the bottom layer of thermal plane copper was numbered from 60 I 
to 618 with next layer up being a polyimide layer with node numbers of 50 1 to 5 18. This 
numbering system was continued with each subsequently higher layer numbering in the 400's. 
3oo·s, 200's, and 100's. This same numbering technique was used in the bottom board as well 
with the layers numbered from the 1600's to 1100. 
C. THERMAL NODES 
1. Node Definitions 
Appendix C contains a listing of all IT AS generated surface numbers and the user-
generated node numbers that were assigned to them. These user node assignments are made in 
order to create a mathematical node for each surface for thermal calculations. All EPS housing 
thermal nodes were given 900 series numbers, from 901 to 912. Node no. -913 was input as the 
thermal node for the bottom ofthc upper equipment plate. Thus, the EPS housing-PANSAT 
thermal interface will be between Ute 906 anJ -913 nodes. Recall that the minus sign in front of 
913 indicates that particular node will have a constant temperature. 
In addition to the physical nodes that were created geometrically in IT AS, several more 
mathematical nodes were created in order to more effectively model the overall system. The inside 
geometry of the model can be seen in Appendix D. What this will show is a simple line schematic 
of a box with two flat (thin) surfaces representing the printed circuit boards. This model is 
constructed this way, as mentioned earlier, to calculated the view and shadow factors internal to 
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the EPS However. the actual physical contact between the printed c1rcuit boards and the housmg 
occurs along ledges that the printed c1rcuit boards rest upon along the +Y and-Y sides ofthe 
housmg In addition to these ledges. there are mechanical dev1ces which. when scrcwl.!d dO\\n. 
wl.!dge against the top of the printed circuit boards and the housing overhang to securl.! the pnnted 
c1rcu1t board. These rails were assigned node numbers as follows: 
• + Y bottom rail 'J2 I 
• + Y m1ddle rail 922 
• +Y top rail 923 
• -Y bottom rail 924 
• -Y middle rail 925 
• -Y top rail 926 
These nodes \\ill pro,idc a means of calculating the conductance from the bottom portion 
of both PCB· s copper thermal planes to the EPS housing. There will also be some conductance 
from the top layer ofpolyimide on both PCB"s to the railing nodes via the screw attachments 
wedged agamst the top of the board. though these values would be expected to be very small. 
2. Node Conductance Calculations 
There were 8 different node calculation variations: Housing to housing: housing to 
PANS AT upper-equipment plate: railing to housing: PCB copper thermal-layer to railing: PCB top 
poly•m•de-layer to railing: PCB copper-layer: PCB pol} imide-layer: PCB copper-layer to 
polyimJde-layer For the purposes of calculations. thermal nodes are physically located in the 3-
dtmenswnal center of each physical surface. A general description of each calculation vanatwn 1s 
mcluded below. and a listing of ITAS conductance entries is included as Appendix E 
Recall that the general formula for the calculation of c-o.,~ .. rttvity between two nodes 
10 a sond mcd1um is. 
K= kA 
L 
The general method for calculatmg the conductance between 2 nodes where 2 surfaces 
arc 10 contact is as follows Ftrst. calculate the conductance from I node to the surface mterface 
IR 
----------
TillS 1s calculated usmg equation (5 ). Repeat this for the second node to surfact: mterfacc. tht:n 
calculate the contact conductance for the two surfaces as discussed in the background section. 
Once these 3 conductance ·s are calculated. solve the following equation for the overall conductance 
bt:t'" een the 2 nodes: 
1 
Ko = 1 1 1 (9) 
-+-+-
Ki he Kz 
a. Housing to Housing Node Calculations [Ref. Table 1] 
Conductances were calculated using equation (5) and the following thermal 
conductivJt\ of aluminum: 
b. EPS Housing to PANSAT Upper Equipment Plate 
To calculate the conductance through the equipment plate, it was assumed that the 
eqUipment plate thickness was .125 in. yielding a value for L of .0625. With a total area of contact 
of 72 in.:: Using the same thermal conductivity ofk as from part a., we obtain K 1 = 4965 Wf'C. 
To calculate the conductance through the top of the EPS housing, A= 72 in2 and 
L = 0995 in. were used. yielding K2 = 3118.79 Wf'C. To solve for tie contact conductance. the 
following parameters were assumed: P = I 0 psi; H = 1180 x I 06 n/m2; S, = 7 microm. These 
values y1eldcd h.:= 134.136 Wf'C. Now, solving forK,: 
Ko = 125 Wf'C 
c. Railing to Housing Conductances [Ref. Table 2] 
Although the railing nodes are mathematically distinct from the housing nodes. the 
physical reality is that the railings are not separate from those walls. Thus, the conductance 
calculations do not include contact conductances. 
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TABLE 1. HOUSING TO HOUSING NODE CONDUCTANCES 
FROM TO 
NODE NODE AREA (in2) LENGTH (in) K (WfC) 
901 905 0.3138 5.1250 0.2638 
901 906 1.5440 5.2845 1.2592 
901 911 0.3138 5.1250 0.2638 
901 912 1.5440 5.2845 1.2592 
902 903 0.3138 2.2500 0.6011 
902 906 0.4342 4.7845 0.3911 
902 907 0.3138 5.1250 0.2638 
902 912 0.4342 4.7845 0.3911 
903 904 0.3138 2.2500 0.6011 
903 906 0.4342 4.7845 0.3911 
903 912 0.4342 4.7845 0.3911 
904 905 0.3138 2.2500 0.6011 
904 906 0.4342 4.7845 0.3911 
904 912 0.4342 4.7845 0.3911 
905 906 0.4342 4.7845 0.3911 
905 912 0.4342 4.7845 0.3911 
908 906 0.4342 4.7845 0.3911 
908 909 0.3138 2.2500 0.6011 
908 912 0.4342 4.7845 0.3911 
909 906 0.4342 4.7845 0.3911 
909 910 0.3138 2.2500 0.6011 
909 912 0.4342 4.7845 0.3911 
910 906 0.4342 4.7845 0.3911 
910 911 0.3138 2.2500 0.6011 
910 912 0.4342 4.7845 0.3911 
911 906 0.4342 4.7845 0.3911 
911 912 0.4342 4.7845 0.3911 
TABLE 2 RAILING TO HOUSING NODE CONDU''T ANCES ~ 
From Node To Node Area (in") Length (in) K (WfC) 
921 901 0.0625 4.6000 0.0585 
921 902 0.0625 4.6000 0.0585 
921 903 0.5625 0.2250 10.7750 
921 904 0.5625 0.2250 10.7750 
921 905 0.5625 0.2250 10.7750 
921 906 0.5625 0.2250 10.7750 
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921 912 2.2500 0.2440 39.7438 
922 901 0.1720 4.6000 0.1611 
922 902 0.1720 4.6000 0.1611 
922 903 1.5480 0.2250 29.6528 
922 904 1.5480 0.2250 29.6528 
922 905 1.5480 0.2250 29.6528 
922 906 1.5480 0.2250 29.6528 
923 901 0.1252 4.6000 0.1173 
923 907 0.1252 4.6000 0.1173 
923 902 1.1272 0.2250 21.5921 
923 903 1.1272 0.2250 21.5921 
923 904 1.1272 0.2250 21.5921 
923 905 1.1272 0.2250 21.5921 
923 906 2.2500 0.3470 27.9466 
924 901 0.0625 4.6000 0.0585 
924 907 0.0625 4.6000 0.0585 
924 908 0.5625 0.2250 10.7750 
924 909 0.5625 0.2250 10.7750 
924 910 0.5625 0.2250 10.7750 
924 911 0.5625 0.2250 10.7750 
924 912 2.2500 0.2440 39.7438 
925 90" 0.1720 4.6000 0.1611 
925 907 0.1720 4.6000 0.1611 
925 908 1.5480 0.2250 29.6528 
925 909 1.5480 0.2250 29.6528 
925 910 1.5480 0.2250 29.6528 
925 911 1.5480 0.2250 29.6528 
926 90i 0.1252 4.6000 0.1173 
926 907 0.1252 4.6000 0.1173 
926 908 1.1272 0.2250 21.5921 
926 909 1.1272 0.2250 21.5921 
926 910 1.1272 0.2250 21.5921 
926 911 1.1272 0.2250 21.5921 
926 906 2.2500 0.3470 27.9466 
d. PCB Copper to Railing Conductances 
( 1) Top PCB Thermal Plane Copper to Railing. Assumptions: 
P = 10 psi 
S, (both) = 7 microm 
Ha1 """ 1 ~ 80 x 1 06 n/m2 
21 
Leu= .00067 in. 
Lra1J = .344 in. 
~u = 9.65 W/in°C 
kal = 4.31 W/in°C 
Thus: he= 2.574 W/in2°C 
TABLE 3. TOP PCB THERMAL PLANE COPPER TO RAILING COPPER TO 
RAILING CONDUCTANCES 
FROM NODE TO NODE AREA (in2) he K1(Cu) K2(A1) Ko 
601 925 0.3750 0.9652 5,401 4.6984 0.8007 
602 925 0.6000 1.5444 8,641 7.5174 1.2811 
603 925 0.6062 1.5604 8,731 7.5957 1.2945 
604 925 0.9187 2.3648 13,232 11.5110 1.9620 
614 922 0.1875 0.4826 2,700 2.3490 0.4003 
615 922 0.2500 0.6435 3,600 3.1320 0.5338 
616 922 0.3437 0.8848 4,951 4.3068 0.7340 
617 922 0.6550 1.6859 9,433 8.2065 1.3986 
618 922 0.8125 2.0913 11,702 10.1798 1.7351 
(2) Bottom PCB Thermal Plane Copper to Railing. Assumptions are the same as in 
( 1). above. 
TABLE 4. BOTTOM PCB THERMAL PLANE COPPER TO RAILING 
CONDUCTANCES 
FROM NODE TO NODE AREA (in2) 
1601 924 0.6250 
1602 924 0.7187 
1603 924 0.5625 
1604 924 0.3437 
1609 921 0.6250 
1610 921 0.7187 
1611 921 0.5625 
1612 921 0.3437 
e. PCB Polyimide to Railing Conductances 
(I) Top PCB. Assumptions: 
P = 10 psi 
S, (both)= 7 microm 
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he K1(Cu) K2(A1) 
1.6087 9,007 21.5500 
1.8500 10,352 24.7825 
1.4478 8,101 19.3950 
0.8848 4,951 11.8525 
1.6087 9,001 21.5500 
1.8500 10,352 24.7825 
1.4478 8,101 19.3950 
0.8848 4,951 11.8525 
Ko 
1.4967 
1.7123 
1.3470 
0.8232 
1.4967 
1.7213 
1.3470 
0.8232 
6 ~ Hpoiy = 1537 x 10 Nfm· 
Lrllll = .344 in. 
Lpoly = .00966 in. 
kpo,y = .2 W/m°C 
Thus, he= .004378 W/in2°C 
TABLE 5 TOP PCB POLYIMIDE LAYER TO RAILING CONDUCTANCES . 
FROM TO 
NODE NODE AREA(in2) he K1(Poly) K2(AI) Ko 
101 926 0.3750 0.0016 0.1940 6.4520 0.0016 
102 926 0.6000 0.0026 0.3100 10.3233 0.0026 
103 926 0.6062 0.0026 0.3130 10.4308 0.0026 
104 926 0.9187 0.0040 0.4750 15.8076 0.0039 
114 923 0.1875 0.0008 0.0970 3.2260 0.0008 
115 923 0.2500 0.0011 0.1290 4.3013 0.0010 
116 923 0.3437 0.0015 0.1770 5.9144 0.0014 
117 923 0.6550 0.0028 0.3390 11.2696 0.0028 
118 923 0.8125 0.0035 0.4200 13.9775 0.0035 
(2) Bottom PCB. Assumptions are the same as above. 
TABLE 6. BOTTOM PCB POL YIMIDE LAYER TO RAILING CONDUCTANCES 
FROM 
NODE 
1101 
1102 
1103 
1104 
1109 
1110 
1111 
1112 
TO AREA 
NODE (in2) he 
925 0.6250 0.0027 
925 0.7187 0.0031 
925 0.5625 0.0024 
925 0.3437 0.0015 
922 0.6285 0.0027 
922 0.7187 0.0031 
922 0.5625 0.0024 
8"2 0.3437 0.0015 
f. PCB Copper-layer Conductances 
(l) Top PCB. 
K1(Poly) K2(AI) Ko 
0.3234 7.8306 0.0027 
0.3720 9.0052 0.0031 
0.2911 7.0476 0.0024 
0.1779 4.3068 0.0014 
0.3234 7.8306 0.0027 
0.3720 9.0052 0.0031 
0.2911 7.0476 0.0024 
0.1779 4.3068 0.0014 
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TABLE 7 TOP PCB COPPER-LAYER CONDUCTANCES . 
FROM TO 
NODE NODE AREA (in2} LENGTH (in) K (WfC) 
601 602 0.0033 1.9500 0.0165 
601 605 0.0020 2.6250 0.0073 
602 603 0.0033 2.4125 0.0134 
602 606 0.0033 2.6250 0.0118 
603 604 0.0033 2.5500 0.0126 
603 607 0.0032 2.6250 0.0119 
604 608 0.0035 2.6250 0.0131 
605 606 0.0036 1.9500 0.0182 
605 609 0.0010 2.0312 0.0030 
605 610 0.0010 2.0312 0.0030 
606 607 0.0036 2.4125 0.0148 
606 610 0.0003 2.0312 0.0015 
606 611 0.0018 2.0312 0.0087 
606 612 0.0010 2.0312 0.0049 
607 608 0.0036 2.5500 0.0139 
607 612 0.0024 2.0312 0.0117 
607 613 0.0007 2.0312 0.0036 
608 613 0.0035 2.0312 0.0170 
609 610 0.0017 0.8750 0.0194 
609 614 0.0010 1.3750 0.0045 
610 611 0.0017 1.1875 0.0143 
610 615 0.0013 1.3750 0.0094 
611 612 0.0017 2.0000 0.0085 
611 616 0.0018 1.3750 0.0129 
612 613 0.0017 2.9375 0.0057 
612 617 0.0035 2.9375 0.0115 
613 618 0.0043 1.3750 0.0305 
614 615 0.0019 0.8750 0.0212 
615 616 0.0019 1.1875 0.0182 
616 617 0.0019 2.0000 0.0108 
617 618 0.0019 1.3750 0.0157 
These conductances were utilized for all three copper layers of the top printed 
circuit board. 
(2) Bottom PCB. 
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TABLE 8 BOTTOM PCB COPPER-LAYER CONDUCTANCES . 
FROM TO 
NODE NODE AREA (in2) LENGTH (in) K (WfC) 
1601 1602 0.0033 2.3750 0.0136 
1601 1604 0.0046 2.6875 0.0168 
1602 1603 0.0033 2.2500 0.0143 
1602 1605 0.0016 2.6875 0.0060 
1603 1606 0.0043 2.6875 0.0156 
1604 1605 0.0038 2.3750 0.0156 
1604 1607 0.0046 2.5625 0.0176 
1605 1606 0.0038 2.2500 0.0165 
1605 1608 0.0016 2.5625 0.0063 
1606 1609 0.0043 2.5625 0.0164 
1607 16u8 0.0030 2.3750 0.0122 
1607 1610 0.0046 1.8125 0.0249 
1608 1609 0.0030 2.2500 0.0129 
1608 1611 0.0016 1.8125 0.0089 
1609 1612 0.0043 1.8125 0.0231 
1610 1611 0.0018 2.3750 0.0074 
1611 1612 0.0018 2.2500 0.0079 
These conductances were utilized for all three copper-layers of the bottom printed 
circuit board. 
g. PCB Polyimide-layer Conductances 
(I) Top PCB. 
TABLE 9. TOP PCB POL YIMIDE-LA YER CONDUCTANCES 
FROM TO 
NODE NODE AREA (in2) LENGTH (in) K (WfC) 
501 502 0.0483 1.9500 0.00012 
501 505 0.0289 2.6250 0.00005 
502 503 0.0483 2.4125 0.00010 
502 506 0.0463 2.6250 0.00008 
503 504 0.0483 2.5500 0.00009 
503 507 0.0468 2.6250 0.00009 
504 508 0.0517 2.6250 0.00009 
505 506 0.0531 1.9500 0.00013 
505 509 0.0145 2.0312 0.00003 
505 510 0.0145 2.0312 0.00003 
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506 507 0.0531 2.4125 0.00011 
506 510 0.0048 2.0312 0.00001 
506 511 0.0265 2.0312 0.00006 
506 512 0.0149 2.0312 0.00003 
507 508 0.0531 2.5500 0.00010 
507 512 0.0357 2.0312 0.00008 
507 513 0.0111 2.0312 0.00002 
508 513 0.0517 2.0312 0.00012 
509 510 0.0253 0.8750 0.00014 
509 514 0.0144 1.3750 0.00005 
510 511 0.0253 1.1875 0.00010 
510 515 0.0193 1.3750 0.00007 
511 512 0.0253 2.0000 0.00006 
511 516 0.0265 1.3750 0.00009 
512 513 0.0253 2.9375 0.00004 
512 517 0.0507 2.9375 0.00008 
513 518 0.0628 1.3750 0.00023 
514 515 0.0277 0.8750 0.00016 
515 516 0.0277 1.1875 0.00011 
516 517 0.0277 2.0000 0.00007 
517 518 0.0277 1.3750 0.00010 
These conductances were utilized for all three polyimide-layers of the top printed 
circuit board. 
(2) Bottom PCB. 
TABLE 10. BOTTOM PCB POLYIMIDE-LAYER CONDUCTANCES 
FROM TO 
NODE NODE AREA (in2) LENGTH (in) K (WfC) 
1101 1102 0.0483 2.3750 0.00010 
1101 1104 0.0676 2.6875 0.00012 
1102 1103 0.0483 2.2500 0.00010 
1102 1105 0.0241 2.6875 0.00004 
1103 1106 0.0628 2.6875 0.00011 
1104 1105 0.0676 2.5625 0.00013 
1104 1107 0.0555 2.3750 0.00011 
1105 1106 0.0555 2.2500 0.00012 
1105 1108 0.0241 2.5625 0.00004 
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1106 1109 0.0628 2.5625 0.00012 
1107 1108 0.0676 1.8125 0.00018 
1107 1110 0.0434 2.3750 0.00009 
1108 1109 0.0434 2.2500 0.00009 
1108 1111 0.0241 1.8125 0.00006 
1109 1112 0.0628 1.8125 0.00017 
1110 1111 0.0265 2.3750 0.00005 
1111 1112 0.0265 2.2500 0.00005 
These conductance's were utilized for all three polyimide-layers of the bottom printed 
circuit board. 
h. PCB Copper-layer to Polyimide-layer Conductances 
( l) Top PCB. Assumptions are as follows: 
P = 10 psi 
Hpoty = 1537 x 106 N/m2 
Sr = 7 microm. 
Leu= .00067 in. 
Lpoty = .00966 in. 
k.:u= 4.31 W/in°C 
kpal) = .2 W/inoC 
Yields: he= .0034 W/in2°C 
These conductances are listed in Table 11 and were utilized for all copper-layer to 
pol~rimide-layer conductance relationships for the top PCB. 
TABLE 11 TOP PCB COPPER-LAYER TO POL YIMIDE-LA YER CONDUCTANCES . 
FROM TO 
NODE NODE AREA(in2) he K1(Cu) K2(A1) Ko 
601 501 3.7500 0.0127 54,011 1.9400 0.0126 
602 502 6.0000 0.0204 86,417 3.1000 0.0202 
603 503 6.0620 0.0206 87,310 3.1370 0.0204 
604 504 6.6780 0.0227 96,312 3.4610 0.0225 
605 505 4.1250 0.0140 59,412 2.1350 0.0139 
606 506 6.6000 0.0224 95,059 3.4160 0.0222 
607 507 6.6680 0.0226 96,039 3.4510 0.0225 
608 508 7.3560 0.0250 105,948 3.8070 0.0071 
609 509 0.9840 0.0033 14,172 0.5090 0.0033 
610 I 510 I 1.~1~5 0.0044 16,903 0.6790 0.0044 
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611 511 1.8040 0.0061 25,982 0.9330 0.0060 
612 512 3.4780 0.0118 50,093 1.8000 0.0117 
613 513 4.2650 0.0145 61,428 2.2070 0.0144 
614 514 1.0780 0.0036 15,526 0.5570 0.0036 
615 515 1.4375 0.0048 20,704 0.7440 0.0048 
616 516 1.9760 0.0067 28,460 1.0220 0.0066 
617 517 3.8090 0.0129 54,860 1.9710 0.0128 
618 518 1.8040 0.0061 25,982 0.9330 0.0060 
(2) Bottom PCB. Assumptions made were the same as above in (I). 
TABLE 12. BOTTOM PCB COPPER-LAYER TO POL YIMIDE-LA YER 
CONDUCTANCES 
From node To Node Area (in;l) he K1(Cu) K2(A 1) Ko 
1601 1501 8.7500 0.0297 126,026 4.5200 0.0295 
1602 1502 3.1250 0.0106 45,009 1.6174 0.0105 
1603 1503 8.1250 0.0276 117,024 4.2054 0.0274 
1604 1504 10.0625 0.0342 144,930 5.2083 0.0339 
1605 1505 3.5937 0.0122 51,760 1.8601 0.0121 
1606 1506 9.3437 0.0317 134,577 4.8363 0.0315 
1607 1507 7.8750 0.0267 113,423 4.0760 0.0266 
1608 1508 2.8125 0.0095 40,508 1.4559 0.0095 
1609 1509 7.3125 0.0248 105,321 3.7849 0.0247 
1610 1510 4.8125 0.0163 69,314 2.4909 0.0162 
1611 1511 1.7187 0.0058 24,755 0.8896 0.0058 
1612 1512 4.4687 0.0151 64,363 2.3130 0.0150 
These conductances were utilized for all copper-layer to polyimide-layer conductance 
relationships for the bottom printed circuit board. 
D. THERMAL MODEL PARAMETERS 
1. Boundary Conditions 
The boundary conditions for this steady-state thermal model involved both the 
temperature of the P ANSA T upper-equipment plate and the amount of heat dissipated by printed 
circuit board electronic components. Boundary conditions were established for worst-case cold 
and worst-case hot conditions. For both cases, a starting temperature of20°C was assigned to 
each surface node in the model. 
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a. Cold-Case 
For the cold-case, the thermal node for the upper equipment plate, node number 
-913. was set equal to a constant 0°C. For power dissipation in the printed circuit boards. it was 
assumed that any component with less than a 100% duty cycle would be off. Further, the amount 
of heat dissipated would be for the eclipse period of the orbit. 
b. Hot-Case 
For the hot-case, the thermal node for the upper equipment plate, node number 
-913. was set equal to a constant 40°(. For power dissipation in the printed circuit boards, it was 
assumed that every component would be on, with the amount of heat dissipated being that for the 
sunlit portion of the orbit. 
2. IT AS Inputs 
a. Cold-Case 
IT AS cold-case data entries and inputs are given in Appendix F. 
b. Hot-Case 
IT AS hot-case data entries and inputs are given in Appendix G. Note that the 
hot -case data entry Appendix G contains only the changes to the cold-case data entry Appendix F. 
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III. RESULTS AND ANALYSIS 
A. ITAS OUTPUT 
Actual running time for IT AS modeling for both the hot and cold cases was less than 2 
minutes. By examining Appendices F and G it can be seen that IT AS first calculates the view-
factor for each surface, then the radiated energy intercepted by that surface. Finally, the heat 
conduction for the model is calculated. Cold-case outputs can be found at the end of Appendix H. 
and hot-case outputs are located at the end of Appendix I. 
B. ANALYSIS 
l. Cold-Case 
Examination of the IT AS calculated steady-state temperature for surfaces in the cold-case 
shows that temperatures range from a low of .12°C at the top of the EPS housing to a high of 20°C 
in the PCB's. This would seem to be a valid result since the largest possible heat transfer for this 
model should occur between nodes 906 and -913, the top ofthe EPS housing and the PANSAT 
upper equipment plate, respectively. With a constant temperature of0°C for node -913, this node 
will act as a heat sink drawing heat away from the EPS housing due to the higher starting 
temperature of20°C for the EPS surfaces and the heat being dissipated in the PCB's which will 
seek a conductive path to the heat sink. Since the conductive paths will allow only a finite amount 
of heat to be transferred in any given time, the relative temperatures of the surfaces illustrates a 
decreasing trend as a function of conductive path nearness to the upper-equipment plate. A 
complete listing of steady-state temperatures for each thermal node is given at the end of Appendix 
H, with a graphical representation of the temperature gradient utilizing selected nodes given in 
Figure 3. For both the cold-case and hot-case temperature gradient graphs, the paths selected 
represent worst-case paths for both the top and bottom printed circuit boards. This means that for 
the cold-case, starting at 0°C for node -913 to .l2°C for node 906, the thermal path for the top and 
bottom printed circuit boards then diverge to different nodes with the top printed circuit board 
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thermal path proceeding to node 925 and the bottom printed circuit board thermal path proceeding 
to node 924. For the hot-case, the procedure is similar. 
6 
5 --TOP PC 
4 
TEMP 3 deg.C 
2 
0 ~--==~=-~-----+-----P----~----~----~----~--~ 
-913 906 908 92"925 604/1602 504/1502 404/1402 304/1302 204/1202 104/1102 
NODE 
NUMBERS 
Figure 3. Cold-Case Temperature Gradient for Selected Nodes 
2. Hot-Case 
Examination of the IT AS calculated steady-state temperatures for surfaces in the hot case 
shows that temperatures range from a low of20°C within the PCB's to a hi~h 0f1<> QJor f"nr the 
top of the EPS housing at node 906, the interface with the upper-equipment plate. The explanation 
for these results is similar to that described above for the cold-case, except that in the hot-case the 
upper-equipment plate is acting as a heat source for the EPS housing and PCB's. A complete 
listing of steady-state temperatures for each thermal node is given at the end of Appendix I, with a 
graphical representation of the temperature gradient utilizing selected nodes given in Figure 4. 
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TEMP 36 deg.C 
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34 
33 
32 
.S13 906 9101905 9251921 60411609 50411509 40411409 30411309 20411209 10411109 
NODE 
NUMBERS 
Figure 4. Hot-Case Temperature Gradient for Selected Nodes 
C. CONCLUSIONS 
It seems clear, given the results of this thermal model, that if only inward-viewing geometry 
and conductance relationships were taken into consideration that the thermal profile of the EPS 
housing and its associated electronic components on the PCB's would be at the mercy of the upper-
equipment plate temperature. So large is the conductive path between the EPS housing and the 
upper equipment plate in comparison with aU other conductive relationships, and given that the 
upper-equipment plate temperature is determined by the overall P ANSA T temperature. it is critical 
that the normal on-orbit operating temperature limits of P ANSA T be determined to within 1 oo of 
accuracy to preclude the possibility of electronic component failure. A reasonable first-order 
estimate of spacecraft temperature extremes can be obtained by the process given in Reference 3, 
page 425. If it proves to be too difficult to determine the temperature extremes to within the 
desired accuracy range, additional measures might be necessary to ensure EPS thermal integrity. 
Such measures might include the application of grease to the EPS-housing I upper-equipment plate 
interface, EPS specific heaters (mounted to the upper-equipment plate or the EPS housing itself), 
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additional insulation for the housing. or an increase in the ~ctive control of the overall PANS AT 
thermal environment. 
D. RECOMMENDATIONS 
It is recommended that this thermal model be incorporated into the larger overall thermal 
model of the P ANSA T. This could be accomplished most efficiently by utilizing this model as one 
of many modules 'hith each module representing the major subsystems and components of the 
PANSAT. Further. it is desirable that a thermal test ofthe EPS system hardware be conducted in 
a vacuum chamber to test the closeness of the software modeling reso..~t~ to a "real-world" test of a 
physical system 
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EPS Switch Board 
Component I Designator I Subcircuit 
i i 
Inductor JI1A ! DCSA Power SWitch 
TtaftSient Votta__2_e Suppressor iTVS1A 
Ultra Fast Recovery Diode tUFR1A 
12v Zener Bi-O•recuonal I D~ 
PMOSFET Gate Bias ResiSter IR1A 
PMOSFET Gate Bias ResiSter 'R2A 
NMOSFET Gate Protecuon Resaster I R3A 
PMOSFET IT1A 
NMOSFET ! T2A 
Ptco Fuse iF1A 
lnauctor 1118 IDCSB Power Switch 
Trans~ent Vottaoe Suppressor !TVS1B 
Ultra Fast Recovery Diode IUFR18 
12v Zener Bi-Directional 1018 
PMOSFET Gate Bias ResiSter IR18 
PMOSFET Gate Bias Resrster IR28 ~ INMOSFET Gate Protecuon Resaster IR38 
PMOSFET IT18 
NMOSFET !T28 
Plco Fuse IF18 
Inductor 111 C IRF Power SWitch- Rx onl'f._ 
TranSient Vottaae Suppressor :rvs1c 
Ultra Fast Recovery Diode IUFR1C 
12v Zener Bi-DirectJonal ID1C 
PMOSFET Gate Bias Resmer IR1C 
PMOSFET Gate B1as ResiSter I R2C 
NMOSFET Gate Protect1on Resaster I R3C 
PMOSFET IT1C 
NMOSFET :T2C 
Plco Fuse 1F1C 
Inductor 111C 1 RF Power Switch - Rx and Tx 
Transaent Vottaae Suppressor iTVS1C 
Ultra Fast Recov~Diode IUFR1C 
1 2v Zener Bi-Directional !01C 
PMOSFET Gate Bias ReSISter IR1C 
lOury cycle tPower !Power IX..Coord IV ..Coord ; 
1 . Dissipation, Bus • 1 Dissipation, Bus ""' \ I 
· 115V fSunlltl 112'L u:,.lin••' ' · 
•-o 
.-o 
!-Q 
•-o 
·-o 
·-0 
•-Q 
·-o 
·-o 
·-o 
-o 
·-0 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
1001 
100i 
TI50i 
1001 
701 
1001 
100: 
70: 
701 
701 
301 
30: 
0.0391 
0.002! 
0.0001 
0.0031 
0.0061 
o.ooo: 
0.039: 
0.002! 
0.0001 
0.0031 
0.006i 
0.0001 
0.010 1 
0.002: 
o.ooo: 
0.003· 
0.006. 
0.000 
0.0881 
0.002 
0.0611 
0.001! 
0.0001 
0.0031 
0.0091 
0.0001 
0.0611 
0.001! 
0.0001 Q.Oo3i 
Q.Oo9i 
0.0001 
0.0151 
0.001: 
0.000' 
0.003i 
0.0091 
O.OOOi 
0.1381 
0.001' 
2.2001 
2.9251 
1.8251 
1.6501 
3.0251 
2.8501 
1.6501 
2.3751 
1.7751 
3.1501 
2.2001 
2.925i 
1.8251 
1.6501 
3.0251 
2.8501 
1.6501 
2.3751 
1.775i 
3.1501 
2.2001 
2.925i 
1.8251 
1.6501 
3.0251 
2.8501 
1.650! 
2.375i 
1.7751 
3.1501 
8.9001 
8.637i 
8.6001 
8.125i 
7.2501 
7.075i 
7.5751 
7.8501 
7.0001 
8.0751 
6.4751 
6.2121 
6.175i 
5.700\ 
4.825i 
4.650: 
ITsOi 
5.4251 
4.5751 
5.650i 
4.0501 
3.787 
3.7501 
3.275 
2.400! 
2.225: 
2.725• 
3.000i 
2.150i 
3.225· 
"" 00 
EPS Switch Board 
Component I Designator I Subcircuit ! Duty cycle \Power I Power I X .Coord IV -Coord I I I 1 1 Dissipation, Bus •I Dissipation, Bus • ! 1 I I i 
' • 1 l 
iPMOSFET Gate Bias ResiSter IR2C " 301 0.0001 O.OOOi : 1NMOSFET Gate Protecuon RtiSISteriR3C : " 1 301 0.003 0.0031 1 
'PMOSFET IT1C I 
.. 301 0.0141 0.021\ I : ' NMOSFET iT2C 
.. ' 301 0.0001 0.0001 I I Pico Fuse IF 1 C " ! 1 1 1 1 1 
I I I I I lnouctor 1110 iCHARG Battery A Power Swnen · 601 0.0121 N/A 4.3001 8.9001 Trans.entVolblae Suppressor 'TVS10 " 1-Q I • 5.0251 8.637! Ultra Fast Recovery Oiooe iUFR10 • ·-Q 1 
• 3.9251 8.6001 1 12v Zener Bt-OirectJonal ; 010 • 1 -o 1 • 3. 750 I 8. 125 1 PMOSFET Gate Bias ResiSter IR10 " 601 0.0021 • 5.1251 7.2501 PMOSFET Gate Bias ResiSter •R20 • 60i 0.0001 • 4.9501 7.075i NMOSFET Gate Protection ResiSteriR30 ' " 60i 0.0031 0.003i 3.7501 7.5751 PMOSFET ;T10 " : 601 0.0081 " 4.4751 7.850i NMOSFET iT20 .. I 601 0.0001 • 3.8751 7.000i Pico Fuse iF10 1 " ! 1 j " 1 5.2501 8.1751 
; ; I I I Inductor I11E !CHARG Battery B Power SWitCh 1 601 0.0501 N/A ; 4.3001 6.4751 TransrentVoltage Suppressor ITVS1E i " ~-o : 1 • ; 5.0251 6.2121 UftraFastRecoveryDiode lUFR1E ' " •-D 1 • : 3.925i 6.1751 12v Zener Bi-Directional 101E ! " ·-D \ • 3.7501 5.7001 PMOSFET Gate Bias ReSISter IR1E 1 " : 601 0.002' " 5.1251 4.825i PMOSFET Gate Bias ResiSter IR2E " ~ 60 1 0.0001 " 4.9501 4.650! NMOSFETGateProtectionResiSteriR3E : " 60: 0.003! 0.0031 3.7501 5.1501 PMOSFET lT1E ' " 60: 0.0081 " 4.4751 5.425. NMOSFET IT2E : " 60: 0.0001 " 3.8751 4.575~ Prco Fuse IF1E 1 " : ! • , 5.250! 5.650· 
I I 
lnouctOr 111F I MUXA • 30~ 0.006i 0.009, 8.4001 8.875: TranSientVottaoe Suppressor ITVS1F " 1-Q 1 7.297! 9.450. Ultra Fast Recovery Diode IUFR1F " ·-D i 8.125i 9.225: 12vZenerBi-O~rectional 101F 1 " •-Q 
' 7.175i 8.550 PMOSFETGateBiasResiSter IR1F 1 " I 30: 0.002: 0.001: 7.175i 8.950. PMOSFET Gate Bias ResiSter IR2F " 301 O.OOOJ 0.000 7.4001 8.950: NMOSFET Gate Protection Resrster !R3F 1 " , 30: 0.003i 0.003: 7.225 8.375 PMOSFET iT1F : " 30: 0.0031 0.0041 7.n5i 9.050. PMOSFET IT1F2 " 30 1 0.003: 0.004· 6.850 1 9.050• NMOSFET iT2F " 301 O.OOOi 0.000; 7.ns~ 8.4501 ~~o F=liSe 
__ iF1f___ ___ _ __ _ "___ _ __ 100 1 
_ _ _ _ __ _ 5475,_ 9.125 __ _ 
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\.D 
!Component Designator 1 Subcircuit 
I 
i I 
I 
: 
Inductor 111G I 
Transaent Voltage Suppressor ITVS1G ! 
Ultra Fast Recovery Diode IUFR1G 
12v Zener Bt-DirediOnal ID1G 
PMOSFET Gate Bias Resaster IR1G 
PMOSFET Gate Bias Resaster IR2G 
NMOSFET Gate ProtediOn ResiSter I R3G 
PMOSFET :T1G I 
PMOSFET iT1G2 
NMOSFET !T2G 
PtCO Fuse IF1G 
I 
I 
lnouctor 111H 
TranSient Voltage Suppressor ITVS1H 
Ultra Fast Recovery Diode IUFR1H I 
12v Zener Bt-Oirectional 101H I 
PMOSFET Gate Bias ResiSter IR1H I 
PMOSFET Gate Bias Resaster IR2H I 
NMOSFET Gate ProteC11on ReSISter I R3H 
PMOSFET IT1H 
PMOSFET IT1H2 I 
NMOSFET lT2H 
Ptco Fuse IF1H 
: 
Inductor 1111 
TranSient Voltage Suppressor ITVS11 I 
Ultra Fast Recovery Diode IUFR11 
12v Zener Bt-DiredlonaJ \011 \ 
PMOSFET Gate Bias Resaster IR11 : 
PMOSFET Gate Bias ResiSter iR21 I 
NMOSFET Gate Protection ReSISter IR31 ! 
PMOSFET IT11 I 
PMOSFET IT112 I 
NMOSFET :T21 
Pico Fuse IF11 
! 
Inductor 111J 
Transtent Vottaae Suppressor ITVS1J 
MUXB 
. 
. 
.. 
.. 
. 
.. 
" 
.. 
" 
. 
MASSA 
.. 
.. 
.. 
" 
" 
" 
.. 
" 
" 
" 
MASSB 
.. 
.. 
.. 
" 
" 
.. 
" 
" 
.. 
" 
TRICKLE A 
.. 
EPS SWitch Board 
I Duty cycle I Power Power I X ..Coord I Y -Coord I 
!Dissipation, Bus • Dissipation, Bus • 1 
l1sv fSunllt' l12V tEcliDs•l 1 
I I I ' 
! 301 0.0061 0.0091 8.4001 7.525i 
1-o I I I 7.2971 8.1001 
!-o I ! ! 8.1251 7.8751 
!-o I 7.1751 7.2001 
I 301 0.002! 0.0011 7.1751 7.6001 
: 301 0.0001 0.0001 7.4001 7.6001 
I 301 0.0031 0.0031 7.2251 7.025i 
I 301 0.0031 0.0041 7.775i 7.7001 
I 301 0.0031 0.0041 6.8501 7.700: 
' 301 0.0001 0.0001 7.775i 7.1001 
100i i 6.4751 7.7751 
' I I I 
' ' 
I 
30! 0.0011 0.002i 8.4001 6.175! 
1-o ' i 7.297i 6.750; 
!-Q : I I 8.1251 6.525: 
.-o I I 7.1751 5.850! 
i 301 0.002! 0.0011 7.175i 6.250! 
30; 0.0001 0.0001 7.400! 6.250' I 
I 301 0.0031 0.0031 7.2251 5.675: 
; 301 0.0011 0.0011 7.7751 6.350 
301 0.0011 0.0011 6.8501 6.350' 
30' 0.0001 0.0001 7.775i 5.750: 
100! i I 6.4751 6.425· 
I ! 
301 0.0011 0.0021 8.400: 4.825 
·-o ' I 7.297i 5.400 
·-o I 8.125! 5.175' 
·-o I I 7.175: 4.500 
' 
30: 0.0021 0.0011 7.175' 4.900 
30i 0.0001 0.0001 7.400i 4.900 
30 1 0.0031 0.0031 7.2251 4.325 
i 30! 0.0011 0.0011 7.7751 5.000 
30i 0.0011 0.0011 6.850. 5.000 
301 0.0001 0.0001 7.775. 4.400 
10Qi : I 6.4751 5.075· I 
I j 
' 
.-o : I 8.4001 3.475 
·-o I 7.297 1 4.050 
&-
0 
'Component ~Designator JSubcJrcuit 
I UJrra Fast Recovery Diode 1UFR1J . 
l12v Zener Bi-Oifectlonal l01J ' .. 
PMOSFET Gate Bias Resaster IR1J I . 
PMOSFET Gate Bias ResiSter IR2J 
' 
. 
NMOSFET Gate Protection ResiSter I R3J . 
PMOSFET IT1J . 
PMOSFET IT1J2 . 
NMOSFET IT2J 
' 
. 
Pice Fuse iF1J . 
i 
Inductor JI1K I TRICKLES TranSient Voltage Suppressor iTVS1K . 
Ultra Fast Recovery Diode !UFR1K I .. 
12v Zener Bi-Directional 101K .. 
' PMOSFET Gate Bias ResiSter IR1K .. 
PMOSFET Gate Bias ResiSter IR2K .. 
NMOSFET Gate Bias Resister IR3K . 
PMOSFET IT1K .. 
PMOSFEi IT1K2 I .. 
NMOSFET IT2K ' .. 
Pico Fuse IF1K . 
: 
' NMOSFET IT3A r Discharge Battery A 
NMOSFET IT38 I Discnaroe Battery B 
I 
LM150 IIS1A I Cons1ant Current Source 
LM150 11518 I Constant Current Source 
I 
EPS Switch Board 
l Duty cycle ! Power ! Power t-Coord ! Y -C >Ord 
1 
I Dissipation, Bus • I Dissipation, Bus • 
i i j ~ (~YDIW lt2Y le.~lllllll 
_ 1-Q i i I 8.1251 :3.8251 i-Q I i 
' 7.1751 3.1501 i-Q 
' I 7.1751 3.5501 
.-o I 7.4001 3.5501 1-Q : 
' 7.2251 ., 975i 1-Q I 
' 7.7751 3.6501 1-{J 
6.8501 :16501 1-Q I 7.775; J.0501 I i-Q ' I 6.475i 3.725i 
: I I ; I :-o : 8.4001 :~.1001 1-Q 
' 7.2971 2.675i 
.-o : 8.1251 2.4501 1-Q I 7.175i .775i i-Q i 
I I 7.1751 2.1751 j-Q : 
' 7.400\ 2.1751 1-<J : : 7.2251 , 6001 
,-o I i 7.7751 2.275i 1-o ! 
' 
6.850; 22751 
.-o I I 7.775i .I 6751 :-o ! : 6.475; i3501 
: : 
I I 5.7501 5.300 1 I ; ! 
I 
5.775 1 3.550· ' 
! 
' 
I 
: 3.975i 3.092 
I I I 
; 5.225· 3.092 I Total Powert 0.211WI 0.238W: 
' 
11'nl!l•!.~_!"• --':'!'~.f'!--=--·· .. --
4 1 
APPENDIX B 
EPS HOUSING 
r -· - u.,joo ..... -·· ..... --- ---·-------------~ 
··- --··- ·-·-~-----~----·- -·.. . ..... ······--·····--------------- ---
.... I 
.. --- .. ------------------ ... 
------- -------- ... ------·- .. -----------------~----
lL"OOil1 
- . --·--·-· ···-····-------· ---······-~----·----·-------- ·--------
EPS HOUSING LOCATION 
y 
A 
APPENDIX C ITAS SURFACE-NODE NUMBERS 
I'(_JIJn f'<JU(l llome End P211e.l p 
l\i~t> Cl.tl :Copy (See F2)~1J !'!'AS Properly 'lata Entry eeetH~tH~eeelH~e~eelHHH~ei.H~l'~e[ 
II II 
II ~ieq Surface No UodeNo Alpha Ern iss T/Mass DissJp tHO Corrunen ts II 
n l l . 0 l 1 
. " • B 1. o. EPS HOUSING n 
II 2 I. 02 2 
·" 
. 8 1. o . EPS IIOUSitlG n 
ll J I. 03 ] 
·" 
. 8 1 . o . EPS HOUSING !I 
II -1 I . 01 <I 
. " • 0 1. o . EPS HOUSING n 
11 
,. 
J I. OS 5 • <I . 8 1. o . EI'S IIOUSI N<; !I 
It ,, I. OG 6 • II . 0 1. 0 . EPS IJOUSING !I 
It 
., I. 0} ., 
. " .o l. o . grs IJOUSJI~(: ~! 
II f) I. UO 0 
. " . 0 .l. 0 . EPS IJOUSING rt 
11 'J I. 09 9 
. " • 0 1. 0 . EPS IJOUSING II 
It l 0 I. l 0 ~0 
. " • B 1. o. EPS IIOUS1NG !I 
11 J I 1. 11 11 .1 • 0 ] . o . EPS IIOUSJNG tJ 
II I 7 I . l2 12 .1 • G l. o. EPS HOUSING II 
Jl l l 7..01 13 0 .01 1. o. PCO 1-1 !I 
11 H 2.02 14 0 . 01 1. o. PCO 1-1 II 
II 1'. 
-' 7..03 15 0 .01 1 • 0. reo 1-1 II 
11 l (i 7..01! 16 0 .01 ] . o. PCU 1-1 a 
" 
I 1 2.05 17 0 .01 1. 0. PCO 1-1 tJ 
ll Ill 2.06 18 0 .01 1. o. PCB 1-1 II 
hbil~~~eHHHeHHeeeeeele~Heeeeeeee~eeeeeeeeUeeeeeeeeeeeeeeeeeee~eeeeeeeeeeeeeH~e~nv 
S- , .. I J.oacl/Snve All S-FI!Aulo '1'11 UDC Allowed ESCQull 
Fll.omi/S;we rage FJPropLih F1AuloGen F5ImportPropFmt FGNewPropFUe F10Se<uch 
l'qllll f'<rllp !lome End P211clp 
t'i!i' ,., I I : Copy (See P2)~e 1'1'/\S Properly Data P.rrlry ececeeeeeeeeeeeeeetWctWi\i.\e[ 
n II 
II Seq SurfCtce No NodeNo /\lphil !':miss '1'/Mass JJlsstp MID Cormrents n 
II I <) /..OJ 19 0 .01 I . o. PCB 1-1 n 
II 7.0 ?.00 20 0 .01 1. o. PCD 1-1 n 
!l 71 7..09 21 0 . 01 1. 0. PCD 1-1 IJ 
II n 7. I 0 22 0 .01 1 . o. PCB 1-1 11 
!l 7.J ].OJ 23 0 .01 1. o. PCB 1-2 II 
II 7<1 1. 02 21 0 . 0 l 1. 0. PCB 1-2 11 
II ;>S ). 01 25 0 .01 I . o. reo 1-2 tJ 
n 21i .1.0<1 26 0 . 01 J. o. PCO 1-2 II 
II 21 ). 05 21 0 . OJ 1. o. reo 1-2 11 
II 7.0 J. 06 20 0 .01 1 . 0. PCO 1-2 II 
n 29 J. 0'1 29 0 . 01 1. o. PCB 1-2 II 
II J(l _1. 00 30 0 . 01 1. 0 . PCB 1-2 IJ 
II ) t ".01 ]1 0 . () \ I . o. reo 2 (OOTTml) II 
!l J7 1.02 32 0 . 0 J J. o. PCU 2 (DOTTOI·I) II 
II n •I. 0) 33 0 .01 l. 0. PCD 2 (DOTTOt-1) II 
II J-1 4 . 0 •I H 0 .OJ 1 . o. PCD 2 (DOTTOH) 11 
II J 'J •1. us 35 0 . 0 I l. o. PCB 2 (OOT'l'OH) !I 
II l(, 1.06 36 0 .01 1 . o. PCB 2 (BO'l'TOH) 11 
,, 0 i ~''I~'~;~ j\ I\ P.c 1::! 1::! e c 1::! e t! ~ e t! lH~ I! e e ee 1::! l! l! e e e 1::! t! e et! l! e tHH~ e c e t! t! e e e ee e ee e l! e I! e e c e e e e e e c c c e e t' e i'l~ v 
,. !·'JJ.o.-ld/SilVC 1\ I l S-f-1/\ulo TH UDC /\!lowed ESCI)ull .. 
1-'JI.ni!d/Srtvc rage F'3Propr.1b F'-1/\uloGen F'5 T mpor l r r·opPrnl PGNewrropFlle P J O~)Oill ell 
44 
' 
" 
PgDn PgUp !lome End F211elp 
eee ctrl : Copy (See F2)lH! ITAS Property oata Entry ~eeeee~eee~eeeeeeeeeeeeeee£ 
a a 
a Seq Surface No NodeNo Alpha Em iss T/Mass Dissip MID Comments a 
n 25 3.03 25 0 .01 1. o. PCB l-2 D 
a 26 3.04 26 0 .01 1. o. PCB 1-2 D 
[I 27 3.05 27 0 . 01 1. o . PCB 1-2 a 
a 28 3. 06 28 0 . :n 1. o . PCB 1-2 a 
a 29 3.07 29 0 . 01 1. o . PCB 1-2 a 
a 30 3.08 30 0 . 01 1. o . PCB 1-2 a 
[} Jl 4.01 31 0 . 01 1. o . PCB 2 (BOTTOM) D 
n 32 4.02 32 0 . 01 l. o . PCB 2 (BOTTOM) a 
n 33 4.03 33 0 . 01 l. o . PCB 2 (BOTTOM) a 
a J.1 4.04 34 0 . 01 !. o . PCB 2 (BOTTOM) a 
n 35 4.05 35 0 .01 !. o. PCB 2 (BOTTOM) a 
a 36 4.06 36 0 . 01 !. o . PCB 2 (BOTTOM) a 
n ]7 4.07 37 0 . 01 !. o . PCB 2 (BOTTOM) a 
D 38 4.08 38 0 . 01 1. o . PCB 2 (BOTTOM) a 
[] 39 4.09 39 0 . 01 !. o . PCB 2 (BOTTOM) a 
n 40 4.10 40 0 . 01 1. o . PCB 2 (BOTTOM) a 
[] 11 4. 11 41 0 . 01 !. o . PCB 2 (BOTTOM) a 
a 42 '1.!2 42 0 .01 1. o. PCB 2 (BOTTOM) a 
aeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
S-Fll.oad/Save All S-F4Auto TM UDC Allowed ESCQuit 
FILoad/Save Page F3PropLib F4AutoGen F5ImportPropFmt F6NewProp~ile F10Search 
.. 
• 
····················-··-·----
APPENDIX D EPS THERMAL MODEL SCHEMATIC 
46 
APPENDIX E IT AS NODE CONDUCTANCES 
l'i!~ (~trl:CopyiHHHHH!IHHHHHW ITJ\S Conductor: Data Entry ~~iHWlHHHH:!~lHHHi ESC:()ult r 
rl II 
11 Sqllo F/\CTOn From 'l'o Cond. Value L/R Oeser: iption 11 11 1 l 901 JOOO L GEO NODES-TIIEHH NODES(IIOlJS) IX rr II J 2 9 0 2 1 0 0 0 L I y tl ll 3 903 1000 L +Y II n <1 901 1000 L ~y n 11 5 905 J 000 L ·t Y n II (, 906 1000 L ~z n n 1 901 1000 L -X n II 0 900 1000 L -Y [1 II 9 909 1000 L -Y II 11 10 910 1000 L -Y n 11 11 911 1000 L -Y n 11 12 912 1000 r. -z o 11 1 1 J 609 1000 L GEO tiODES TO TOP PCD TJIEmt LI\Yt-:n n II J 11 610 1000 L II II 15 611 1000 L • rl 11 16 612 1000 L 
n 11 l 7 6 1 3 1 0 0 0 r. 
n II 1 1fl 614 1000 f. 
rl ~~~H~i;H~H~!ti!!H!!!!!!!H!!H~!~!!I!II!IIIIIIIH!H!I!HI!ti!ll!lll!l!l!!titi!!HIIItiiHHHHOV CT!ll.- I' I l111port ITJ\S NC 1\L'l'-FJJ\utom.I UDC Allowed PgiJn Pgllp llome SIII·T-1· I l111port Column Shift-FJJ\utoCIIT Shift-FSDel/Pur P.nd r-· I S<tve/Purge F2Jielp FJJ\utoGen F1Purge F5Delete F7Hark/UnHarlc F1 OSenrcll 
eci; Cl r l : CopylHH:\IHH!IHHHHHH! ITJ\S Conductor Data Entry t!I!I!I!IH~IH~IHH!I!I!t!l! ESC: QuI l £ 
11 II 
11 Sqlto PI\CTOn From To cond. vaJ ue r.ln Descr !ptlon n " 19 615 1000 L 11 11 20 616 1000 L n n 21 617 1000 L n n 22 610 1000 L n 11 23 601 1000 I. n n 2-1 602 1000 L n n 25 603 1000 I. ll II 26 601 1000 L II II 27 605 1000 L 
II n 28 606 1000 L II II 2 9 6 0 I 1 0 0 0 L II II JO 600 1000 L 
rl 11 31 1601 1000 I. GEO NODES TO DOTTOI-1 PCn 'I'IIHI-t I.YI! 11 II 32 1602 1000 L 
rl II 33 1(,0) 1000 L 
rl II 31 1601 1000 I, II II 35 1605 1000 L II II 36 1606 1000 L II ;,;.;•;•<•i 1 1'i!t•etll!~~e~e~HHI!1!1!HeHI:li~HeeeHHeH!!eH!!I:WNHHHWHeeceec~tHll:!ecetlllccci~l.leNit;i1 i.~i.'l 1 1.'i'v ("1'111. 1-'llmport lTJ\S_NC 1\LT-FJf\utoHI.l UI>C J\llowed PgDn P~Jll(l Jlome •;IJI"I'-1'1 tnrport Column Shl ft-FJI\uloCIIT Sht fl-F5Del/Pur J·:nd FISave/Purge F7.1lelp PJI\utoG~n FIJPurge F5Del.ete F71·1ark/Un11nrk FlOSeilrch 
47 
c~~ ctrl:copy~~~~~~~e~~~~e ITAS conductor Data Entry ~~~ee~~ee~~ee~~ ESC:Quit E 
D [1 
c SqNo FI\CTOR From TO Cond. value L/R Description D 
[] 37 1 37 1607 1000 L D 
[] 38 1 38 16u8 1000 L D 
[] 39 1 39 1609 1000 L D 
n 40 1 40 1610 1000 L D 
a 41 1 41 1611 1000 ':. D 
D 42 1 42 1612 1000 L D 
a 4 3 1 -913 906 125.366 L EPS HOUSING TO RQUIP PLATE D 
a 44 1 901 905 .2638 L HOUSING NODES TO HOUSING NODES D 
[] 45 1 901 906 1.2592 L a 
[] 46 1 901 911 .2638 L D 
[] 47 1 901 912 1.2592 L D 
D 48 1 902 903 .6011 L D 
[1 49 1 902 906 . 3911 L D 
a 50 1 902 907 .2638 L D 
u 51 1 902 912 . 3911 L D 
a 52 1 903 904 .6011 L D 
[] 53 1 903 906 . 3911 L D 
a 54 1 903 912 . 3911 L D acceee~eeeeee~eee~ee~~~~eee~ee~~~eeeeeeeeeee~eeee~~eeee~eeeeeeHeeeeeeeeeeeeeeeev C'l'IIL-Pllrnport I1'AS_NC ALT-F3AUtoMLI UDC Allowed PgDn PgUp Home 
SIIFT-Fl Import Column Shift-F3AutoCHT Shift-F5Del/Pur End 
FlSave/Purge F2Help F3AutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
eee ctrl:copye~~~~e~~e~ee~ ITAS Conductor Data Entry ~~eeeeeee~ee~ee ESC:Quit E 
D D 
c SqNo FACTOR From To Cond. Value L/R Description c D 1 904 905 .6011 L D n 1 904 906 .3911 L D D 1 904 912 .3911 L D [1 905 906 .3911 L D n 905 912 .3911 L D n l 907 906 .3911 L D [] 1 907 908 .2638 L D n 1 907 912 .3911 L D a 1 908 906 .3911 L D D 1 908 909 .6011 L D u 1 908 912 .3911 L D c 1 909 906 .3911 L c n 1 909 910 .6011 L c n 1 909 912 .3911 L c n 1 910 906 .3911 L c n 1 910 911 .6011 L c (1 910 912 .3911 L D n 1 911 906 .3911 L c acceeeeeeeeee~eeeeeeeee~eeeeeeeeee~eeeeeeeeee~eeeeeeeeeeeeeee~e~eee~eeeeeeeeeeev L"I'IU.-Pllrnport ITAS_NC I\LT-F3/\UtoMLI UDC 1\llowed PgDn PgUp Jlome SIIFT- F I 1rnpor t Column Shit t- F31\U toCIIT Shift- F5Del/Pur End FlSave/Purge F2Help F31\utoGen F4Purge F5Delete F7Mark/UnMark F10Search 
48 
• 
ee~ ctrl:Copy~~~~~~~~~~~~~ ITAS conductor Data Entry ~e~~~e~~~e~~~ee ESC:Quit f 
[] [] 
o SqNo FAC'fOR From To Cond. Value L/R Description I] 
[] 1 911 912 . 3911 L I] 
I] 1 921 901 .sass L +Y BOTTON RAIL TO HOUSING I] 
[] 1 921 907 .sass L I] 
0 1 921 906 10.775 L [] 
[1 1 921 909 10. 77S L a 
[] 1 921 910 10.775 L a 
[] 1 921 911 10.775 L a 
[] 1 921 912 39.743a L a 
[] 1 922 901 .1611 L +Y MIDDLE RAIL TO HOUSING a 
[] 1 922 907 .1611 L a 
n 1 922 90a 29.6S2a L a 
[] 1 922 909 29.6S26 L a 
[] 1 922 910 29.6528 L I] 
[] 1 922 911 29.6S28 L a 
[] 1 923 901 .1173 L +Y TOP RAIL TO HOUSING [J 
[] 1 923 907 .1173 L [J 
0 1 923 908 21.5921 L [J 
0 1 923 909 21.5921 L a 
a~ceeeeeee~eeeeee~~~~~~~~~~~~~eee~eee~~~e~e~~~~~~~~~~~~e~~~~~~e~~e~~e~e~~eee~e~v 
CTRL-Fl1rnport lTAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIIF''I'-Fllmport Column Shift-F3AutoCHT Shift-F5Del/Pur End 
FISave/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark F10Search 
eee ctrl:Copy~~~~~~~~~eeee ITAS conductor Data Entry eeeeee~~~~~~~e~ ESC:Quit E 
0 D 
o SqNo Fl\C'rOR From To Cond. Value L/R Description D 
[] 1 923 910 21.5921 L [] 
0 1 923 911 21. S921 L [] 
[] 1 923 906 27.9466 L a 
[] 1 924 901 .OS855 L -Y BOTTOM RAIL TO HOUSING 0 
[J 1 924 907 .05BS5 L D 
[J 1 924 90a 10.775 L [] 
[] 1 924 909 10.77S L D 
n l 924 910 10.775 L D 
0 1 924 911 10.77S L D 
[] 1 924 912 39.7438 L D 
[1 1 925 901 .1611 L -Y MIDDLE RAIL TO HOUSING D 
[] I 925 907 .1611 L [] 
[J 1 925 90a 29.6528 L D 
[] 1 925 909 29.6528 L [] 
n 1 925 910 29.6528 L [] 
11 1 925 911 29.6528 L D 
[] 1 926 901 .117 3 L -Y TOP RAIL TO HOUSING 0 
n 1 926 907 .117 3 L D 
~eceeeecee~eeeeeeeeeeeeeee~e~~e~e~ee~~~~~e~~~~~e~e~e~~~~~~e~~~e~~~e~eee~e~eeeeev 
L'TI1 L- f'll rnpo r t ITAS NC ALT-F3AutoMLl UDC Allowed PgDn PgUp Home 
s1wr- F 11mport Column Shift-F3AutoCHT Shift-F5Del/Pur End 
F'ISave/Purge F2Help F3l\utoGen F4Purge FSDelete F7Mark/UnMark F10Search 
• 
~~~ Ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry ~e~e~~~~~~~~~~e ESC:Quit E 
a D 
u SqNo FACTOR From To Cond. Value L/R Description D 
a 1 926 908 21.5921 L D 
u 1 926 909 21.5921 L D 
n 1 926 910 21.5921 L D 
a 1 926 911 21.5921 L D 
" [] 1 926 906 27.9466 L c :. 
n 1 1601 924 1.4967 L BOT PCB THRM LYR TO -Y BOT RAIL ll ; 
c 1 1602 924 1. 7213 L D 
1 1603 924 1.347 L c .. c 
D 1 1604 924 .8232 L D 
a 1 1609 921 1. 4967 L BOT PCB THRM LYR TO +Y BOT RAIL D 
n 1 1610 921 1. 7213 L a 
0 1 1611 921 1.347 L D 
0 1 1612 921 .8232 L a 
0 1 1101 925 .0027 L BOT PCB TP POLY LYR TO -Y MID RL D 
D 1 1102 925 .0031 L D 
0 1 1103 925 .0024 L D 
[1 1 1104 925 .0014 L c 
a 1 1109 922 .0027 L BOT PCB TP POLY LYR TO +Y MID RL a 
aeeeeeeeee~~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
CfRL-Fllmport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp llome 
SIW'J'-F'l Import Column Shift-F3AutoCHT Shift-F5Del/Pur End 
PlSave/Purge F211elp F3llutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
eel! ctrl :copy~~e~eeeeeeeee ITAS conductor Data Entry eeeeeeeeeee~eee ESC:Quit E 
D D 
a SqNo FliCfOR From To Cond. Value L/R Description c 
c 1 1110 922 .0031 L c 
D 1 1111 922 .0024 L D 
o I 1112 922 .0014 L c 
o l 601 925 .8007 L TOP PCB TIIRM LYR TO -Y MID RAIL c 
0 1 602 925 1.2811 L D 
o l 603 925 1.2945 L a 
n 1 604 925 1.962 L D 
c I 614 922 .4003 L TOP PCB THRM LYR TO +Y MID RAIL c 
n 1 615 922 .~338 L c 
o 1 616 922 .7340 L a 
o 1 617 922 1.3986 L a 
o 1 618 922 1.7351 L o 
o l 101 926 .0016 L TOP PCB TP POLY LYR TO -Y TP RAIL o 
n I 102 926 .0026 L a 
o I 103 926 .0026 L c 
o 104 926 .0039 L a 
n 114 923 .0008 L a 
0 1 115 923 .001 L D 
aect1eccc~ceeeee~ee~e~ee~eeee~~eeeeeeeeee~~ee~~ee~eeee~eeeeeeeeeeeeeee~~eeeeeeeev 
CTHL-Flimport ITAS_NC ALT-F31\utoMLI UDC Allowed PgDn PgUp llome 
Slll·"f' Fllmport Column Shift-F3AutoCHT Shift-FSDel/Pur End 
FtSave/Purge F2flelp F3AutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
50 
e~~ Ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry ~~~~b~~~~~~~~~~ ESC:Quit £ 
D D 
c SqNo FACTOR From To Cond. Value L/R Description D 
D 1 116 923 .0014 L D 
n 1 117 923 .0028 L D 
D 1 118 923 .0035 L D 
D 1 601 602 .01657 L TOP PCB THRM LYR NODE TO r!OD!':: D 
n 1 601 605 .00738 L D 
D 1 602 603 .0134 L D 
D 1 602 606 .01183 L D 
n 1 603 604 .01267 L D 
D l 603 607 .01194 L D 
u 1 604 608 .01315 L D 
D 1 605 606 .01825 L D 
D 1 605 609 .00306 L D 
[] 1 605 610 .00306 L D 
0 1 606 607 .01475 L D 
0 1 606 610 .00159 L D 
0 1 606 611 .00874 L D 
I] 1 606 612 .00493 L D 
0 1 607 608 . 01396 L D 
aee~eeeee~~~~e~~~ee~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee~eeee~eeeeeeeeeeeeeeeev 
C'I'RL-Fl1mport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIIF'T-F1Jrnport Column Shift-F3AutoCHT Shift-F5Del/Pur End 
F1Save/Purge F21felp F3llutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
eee ctrl:Copy~~eeeeeeeeeee ITliS conductor Data Entry eeeeeeee~eeeeee ESC:Quit £ 
D D 
c SqNo FACTOR From To Cond. Value L/R Description c 
D 1 607 612 .01177 L I] 
D 1 607 613 .00366 L c 
n 1 608 613 .01702 L c 
o 1 609 610 .0194 L c 
n 1 609 614 .00452 L c 
n 1 610 611 .0143 L c 
I] 1 610 615 .0094 L D 
D 1 611 612 .00849 L D 
D 1 611 616 .0129 L c 
D 1 612 613 .00578 L c 
D 1 612 617 .01156 L D 
D 1 613 618 .03059 L D 
n 1 615 614 .02128 L c 
n 1 615 616 .01826 L c 
D 1 617 616 .01084 L D 
D 1 617 618 .01577 L D 
n 401 402 .01657 L TOP PCB GROUND LYR NODE TO NODE c 
D 1 401 405 .00738 L D 
aceeeceeeeeeeeeeeeee~e~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
C'I'RL-Pllmport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIWI'-F'1Import Column Shift-F3llutoCJIT Shift-F5Del/Pur End 
F'1Save/Purge F2Jielp F3llutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
51 
~H~ Ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry ~~~~~~~~~~~~~~~ ESC:Quit £ 
[] c 
c SqNo FACTOR From To Cond. Value L/R Description c 
c 1 402 403 .0134 L a 
c 1 402 406 .01183 L D 
[] 1 403 404 .01267 L D 
c 403 407 .01194 L D 
n 404 408 .01315 L c 
~ 405 406 .01825 L D 
n 405 409 .00306 L a 
c 1 405 410 .Ou306 L a 
D 1 406 407 .01475 L D 
c 1 406 410 .00159 L D 
c 1 406 411 .00874 L D 
D 1 406 412 .00493 L D 
n l 407 408 .01396 L a 
n 1 407 412 .01177 L a 
c 1 407 413 .00366 L c 
c 1 408 413 .01702 L c 
c 1 409 410 .0194 L D 
c 1 409 414 .00452 L a 
aeeeeeeeeeee~ee~~~~~~~~~~~~~~~~e~~ee~~e~~~e~~~~~~~e~e~~eee~~eee~eeeeeeee~e~eeeev 
CTRL-Fllmport I'l'AS_NC J\L'l'-F3J\utoMLI UDC Allowed PgDn PgUp !lome 
SIWI'- Fl1mport Column Shift-FJJ\utoCHT Shift-F5Del/Pur End 
F1Save/Purge F211elp F3/l +:oGen F4Purge F5Delete F7Mark/UnMark F10Search 
cee ctrl:Copy~ee~eeee~~~ee ITJ\S conductor Data Entry eeeeeeeeeeeeeee ESC:Quit £ 
c D 
c Sqtlo FACTOR From To Cond. Value L/R Description a 
n 1 410 411 .0143 L c 
n 1 410 415 .0094 L D 
n 1 411 412 .00849 L D 
c 1 411 416 .01291 L D 
c l 412 413 .00578 L D 
c 1 412 417 .01156 L D 
D 1 413 418 .03059 L ~ ~ 
n 1 415 414 .02128 L a 
c 1 415 416 .01826 L D 
c 1 417 416 .01084 L D 
c 1 417 418 .01577 L c 
n 501 502 . 0001 L TOP PCB 5TH LYR NODETONODE-POLY c 
n 1 501 505 .0001 L a 
D 1 502 503 .0001 L c 
n 1 502 506 .0001 L D 
n 503 504 .0001 L D 
n 1 503 507 .0001 L a 
n 1 504 508 .0001 L D 
neeceeeee~~eeee~~~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
lwrHL- F'llrnport ITJ\S_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp !lome 
SIWI'- F'l Import Column Shift-FJAutoCHT Shift-F5Del/Pur End 
FJSave/Purge F211elp FJAutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
52 
eee ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry ~~~~~~~~~~~~~~~ ESC:Quit £ 
[] [] 
n SqNo FACTOR From To cond. value L/R Description [] 
[] 217 1 505 506 .0001 L [] 
[] 218 1 505 509 .00003 L [] 
[] 219 1 505 510 .00003 L [] 
[] 220 1 506 507 .0001 L [] 
I] 221 1 506 510 .00001 L c 
n 222 1 506 511 .00006 L [] 
[] 223 1 506 512 .00003 L c 
I] 224 1 507 508 .0001 L [] 
I] 225 1 507 512 .0001 L c 
I] 226 1 507 513 .00003 L [] 
[] 227 1 508 513 .0001 L c 
n 228 1 509 510 .0001 L [] 
[] 229 1 509 514 .00005 L [] 
n 230 1 510 511 .0001 L c 
I] 231 1 510 515 .0001 L c 
[] 232 1 511 512 .0001 L I] 
[] 233 1 511 516 .0001 L I] 
[] 234 1 512 513 .0001 L [] aeeeeeee~~~~~~~~~~~ijijij~ij~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~v 
CTHI.-F1lmport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIWI'-Fl Import Column Shift-F3AutoCHT Shift-F5Del/Pur End 
FlSave/Purge F2Jielp F3AutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
e~~ Ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry ~~~~~~~~~~~~~~~ ESC:Quit £ 
a D 
c SqNo FACTOR From To Cond. value L/R Description I] 
a 235 1 512 517 .0001 L [] 
[] 236 1 513 518 .00023 L c 
a 237 1 515 514 .0001 L I] 
n 238 1 515 516 .0001 L a 
I] 239 1 517 516 .0001 L I] 
[] 2'10 1 517 518 .0001 L [] 
I] 241 1 601 501 .0126 L TOP PCB LAYER TO LAYER I] 
a 24 2 1 602 502 .0202 L [] 
I] 24 3 1 603 503 .0204 L I] 
n 2-H 1 604 504 .0225 L c 
[] 245 1 605 505 .0139 L c 
[] 246 606 506 .0222 L [] 
n 241 607 507 .0225 L I] 
a 24 8 1 608 508 .0071 L a 
a 249 1 609 509 .0033 L I] 
[] 250 1 610 510 .0044 L I] 
[] 251 1 611 511 .006 L I] 
a 252 1 612 512 .0117 L [] aetle~tle~~~eeee~eee~~eeeee~ijije~~e~e~e~~ij~~ijij~~ije~ij~ijij~~ijij~~~~~ije~~~~~~~~eeeeeeeev 
emf,- f 11rnpor t I TAS _NC ALT-F3AutoMLI UDC Allowed PgDn PgUp tlome 
Slll'"l'- f'1 Import Column Sh1ft-F3AutoCII'r Shift-F5Del/Pur End 
F1Save/Purge F2llelp F3AutoGen F4Purge FSDelete F7Mark/UnMark F10Search 
53 
ecc ctrl:Copyeeeeee~eeeeee ITAS conductor Data Entry ~eeee~eeeeeeeee ESC:Quit £ 
n n 
n SqNo FACTOR From To Cond. Value L/R Description D 
n 1 613 513 .0144 L D 
[I 1 614 514 .0036 L D 
[I 1 615 515 .0048 L D 
u 1 616 516 .0066 L D 
n 1 617 517 .0128 L D 
[] 1 618 518 .0157 L D 
[I 1 501 401 .0126 L D 
u 1 502 402 .0202 L D 
n 1 503 403 .0204 L D 
u 1 504 404 .0225 L D 
[] 1 505 405 .0139 L D 
u 1 506 406 .0222 L D 
[] 1 507 407 .0225 L D 
n 1 508 408 .0071 L D 
[] 1 509 409 .0033 L D 
n 1 510 410 .0044 L D 
n 1 511 411 .006 L D 
D 1 ~12 412 .0117 L D 
aeeeeeeeee~~e~~~~~eeee~~~~e~~~~~e~e~~~~!e~~~e~~~eee~~~~~e~~e~~e~e~eeee~eeeeeeeev 
CTRL-Fllmport ITAS_NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIIF'I'- F llrnport Column Shift-F3AutoCHT Shift-F5Del/Pur End 
nsave/Purge F211elp F3AutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
eee ctrl:Copyeeeee~e~eeeee ITAS conductor Data Entry ~~~ee~e~eeeeeee ESC:Quit £ 
[] D 
n SqNo FACTOR From To Cond. Value L/R Description D 
n 271 1 513 413 .0144 L D 
[] 272 1 514 414 .0036 L D 
n 27 3 1 515 415 .0048 L D 
n 274 1 51E 416 .0066 L D 
n 275 1 517 417 .0128 L D 
n 276 1 518 418 .0157 L D 
n 277 1 401 301 .0126 L D 
n 278 1 402 302 .0202 L [] 
n 279 1 403 303 .0204 L n 
n 280 1 404 304 .0225 L n 
n 281 1 405 305 .0139 L D 
[I 282 1 406 306 .0222 L c 
D 283 1 407 307 .0225 L c 
n 201 1 408 308 .0071 L c 
n 285 1 409 309 .0033 L [] 
n 206 1 410 310 .0044 L c 
n 207 I U1 311 .006 L n 
[] 288 1 412 312 .0117 L c 
aeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
CTHL-Fllmport ITJ\S NC J\LT-F3AutoMLI UDC Allowed PgDn PgUp !lome 
SIIFT-flimport column ShHt-FJAutoCIIT Shift-F5Del/P}Ir End 
PJSave/Purge F21Ielp F3AutoGen F4Purge F5Delet~ F7Mark/UnMark FlOSearch 
e~e ctrl:Copy~~~~~~~~~~~~e ITAS Conductor Data Entry ~~~~~~~e~~~~~~~ ESC:Quit £ 
0 D 
n SgNo FACTOR From To Cond. Value L/R Description a 
a 289 1 413 313 .0144 L a 
0 290 1 414 314 .0036 L a 
D 291 1 415 315 .0048 L D 
0 292 1 416 316 .0066 L a 
0 293 1 417 317 .0128 L 0 
n 294 1 418 318 .0157 L D 
0 295 1 ~01 201 .0126 L a 
0 296 1 302 202 .0202 L D 
0 297 1 303 203 .0204 L D 
0 298 1 304 204 .0::!25 L D 
0 299 1 305 205 . 0139 L D 
D 300 1 306 206 .0222 L a 
D )01 1 307 207 .0225 L a 
a 302 1 308 208 .0071 L a 
D 303 1 309 209 .0033 L a 
a 304. 1 310 210 .0044 L a 
D 305 1 311 211 .006 L a 
D )06 1 312 212 .0117 L a 
aeeeeeeee~~~e~~~~~~~~~~~~~~~~~~~e~~~e~~ee~~ee~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
C'l'RL-Fl1mport ITAS_NC ALT-FJAutoMLI UDC Allowed PgDn PgUp Home 
SIIF"I'-f'l Import Column Shift-F3AutoCfiT Shift-F5Del/Pur End 
F1Save/Purge F2Help F3AutoGen F4Purge FSDelete F7Mark/UnMark F10Search 
eee ctrl:Copyeeeeeeeeeeeee ITAS conductor Data Entry eeeeeeeeeeeeeee ESC:Quit £ 
0 D 
c SqNo FACTOR From To Cond. value L/R Description a 
D 307 1 313 213 .0144 L a 
D 308 1 314 214 .0036 L D 
n 309 1 315 215 .0048 L a 
n 310 1 316 216 .0066 L a 
D 311 1 317 217 .0128 L a 
D 312 1 318 218 .0157 [, a 
u JlJ l 201 101 .0126 L a 
n )14 1 202 102 .0202 L D 
[] 315 203 103 .0204 L a 
[] J J 6 1 204 104 .0225 L a 
[I 317 1 205 105 .0139 L a 
[] )18 1 206 106 .0222 L a 
[I 319 I 207 107 .0225 L a 
n 320 1 208 108 .0071 L a 
n 321 l 209 109 .0033 L a 
n 322 J 210 110 .0044 L a 
[I J 2 3 1 211 111 .006 L a 
[I J?.-1 l 212 112 .0117 L [I 
aceeeece~~~e~~~e~e~e~~~~e~ee~~~~~eee~~~e~~~~e~e~~~~e~~~eee~e~eeeeeeeeeeeeeeeeeev 
ernL-f'l Import ITAS NC 1\LT-FJAutoMLI UDC Allowed PgDn PgUp llome 
stu··r- Fl Import column Shift-FJ/\utoCIIT Shift-F5Del/Pur End 
F'tSave/Purge F2Help FJ/\utoGen F4Purge F5Delete F7Mark/UnMark F10Search 
55 
I 
.. , 
~~ 
e~~ Ctrl·Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry~~~~~~~~~~~~~~~ ESC:Quit £ 
0 D 
o SqNo FhC'fOR From To Cond. value L/R Description D 
0 325 1 213 113 .0144 L 0 
0 326 1 214 114 .0036 L 0 
0 327 1 215 115 .0144 L D 
n 326 1 216 116 .0066 L 0 
n 329 1 217 117 .0128 L 0 
0 330 1 218 118 .0157 L a 
0 331 1 1601 1602 .0168 L BOT PCB THRM LYR NODE TO NODE D 
0 332 1 1601 1605 .0136 L a 
0 333 1 1602 1603 .0176 L a 
0 334 1 1602 1606 .0156 L t: 
0 335 1 1603 1604 .0249 L a 
0 336 1 1603 1607 .0122 L a 
0 337 1 1604 1608 .0074 L D 
0 338 1 1605 1606 .006 L D 
0 339 1 1605 1609 .0143 L a 
ll 340 1 1606 1607 .0063 L D 
[] )ttl 1 1606 lG ~0 .0165 L D 
ll 342 1 1607 1608 .00"9 L a 
aceeeeeee~eeee~eeee~eeeeeeeeeeeeeeeee~~~Aeeeee~eeeeeeeee~ee~ee~~~~~e~~~eee~~~~~v 
CTRL-Fllmport lTI\S_NC 1\LT-FJI\utoMLl UDC Allowed PgDn PgUp Home 
SJIF'T-I''llmport Column Shift-FJhutoCfiT Shift-F5Del/Pur End 
flSave/Purge F2Help F3AutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
~ee ctrl:copy~~eeeeeeeeeee ITAS conductor Data Entry ~~ee~eeeeeeeeee ESC:Qult £ 
0 D 
o SqNo FAC'I'OR From To Cond. value L/R Description a 
[] 3<\3 1 1607 1611 .0129 L tl 
0 H4 1 1608 1612 .0079 L a 
0 345 1 1609 1610 .0156 L a 
n 346 1 1610 1611 .0164 L D 
0 347 1 1611 1612 . 0231 L D 
n 348 1 1401 1402 .0168 L BOT PCB GROUND LYR NODE TO NODE a 
n 349 1 1401 1405 .0136 L D 
0 350 1 1402 1403 .0176 L D 
n 351 1 1402 1406 .0156 L [I 
0 352 1 1403 1404 .0249 L [I 
0 353 1 1403 1407 .0122 L [] 
0 354 1 1404 1408 .0074 L [] 
[I 355 1 1405 1406 .006 L 0 
0 356 l 1405 1409 . 014 3 L [] 
0 )57 1 1406 1407 .0063 L [J • 
0 )58 1 1406 1410 .0165 L [] 
n 359 1 1407 1408 .0089 L [I 
u )(.0 l 1407 1411 .0129 L [J 
~~ce~e~eee~~eeeee~eeee~~eeeeeeeeeeeeeeeee~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
CTHL-fllmport IT/\S NC hLT-FJ/\utoMLI UDC Allowed PgDn PgUp Home 
SIIFT- F llrnpor t Column Sh1ft-F3/\utoCIIT Shift-F5Del/Pur End 
FJSave/Purge F2Help F3hutoGen F4Purge FSDelete F7Mark/UnMark FlOSearch 
56 
e~~ ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry ~e~~~~~~~e~~e~~ ESC:Quit £ 
[] [] 
n SqNo f'/\C'I'OR From To Cond. Value L/R Description [] 
[] ]61 1 1408 1412 .0079 L [] 
[] 362 1 1409 1410 .0156 L IJ 
IJ 36] 1 1410 1411 .0164 L IJ 
[] 364 1 1411 1412 .0231 L [] 
[] 365 1 1501 1502 .0001 L BOT PCB 5TH LYR NODETONODE (POLY) [] 
n 366 I 1501 1505 .0001 L [] 
[] 36 1 1 1502 1503 .0001 L [] 
[] 368 1 1502 1506 .0001 L [] 
IJ 369 1 1503 1504 .0001 L [] 
[] 370 1 1503 1507 .0001 L IJ 
n 371 1 1504 1508 .0001 L [] 
0 372 1 1505 1506 .0001 L [] 
n 373 1 1505 1509 .0001 L [] 
[] 374 1 1506 1507 .0001 :. [] 
[] 375 J 1506 1510 .0001 L [] 
[] 376 1 1507 1508 .0001 L [] 
[] 377 1 1507 1511 0001 L [] 
D 318 1 1508 1512 .0001 L [] 
aeeeceeeceeeeeeeeee~~~~~~~~~~~eeeee~~e~e~~eeeeeeeeeeeeee~ee~e~~eeeeeeeee~eeeeeev 
Cl'HI.-f'11mport ITI\S NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIWI'-Fl Import Column Shift-F3AutoCHT Shift-F5Del/Pur End 
F'ISave/Purge F2Help F3/\utoGen F4Purge FSDelete F7Mark/UnMark F10Search 
[] [] 
a Sc)NO F/\C1'0R From To Cond. Value L/R Description [] 
[] 379 1 1509 1510 .0001 L [] 
[] 380 1 1510 1511 .0001 L [] 
D 381 1 1511 1512 .0001 r.. [] 
D 382 1 1601 1501 .0295 L BOT PCB LAYER TO LAYER [] 
[] 38 3 l 1602 1502 .0339 r.. a 
[] )8, 1603 1503 .0266 r.. [] 
n 385 I 1604 1504 .0162 L [] 
D J86 1 1605 1505 .0105 r.. a 
[1 387 1 1606 1506 .0121 L a 
n 388 1 1607 1507 .0095 L [] 
[] 389 1 1608 1508 .oose L [] 
D 390 l 1609 1509 .0274 L [] 
n 391 1 1610 1510 . 0315 L D 
[] 392 1 1611 1511 .0247 L [] 
n 19 3 1 1612 1512 .015 L D 
D 39, 1 1501 1401 .0295 L D 
n ]95 1 1502 1402 .0339 L D 
n 196 1 1503 1403 .0266 L [] 
a~Pi!ccc~ce~~eeeee~eee~~~eeee~~ee~e~~eeee~e~e~~ee~~~e~~~eeeeeeeeeeeeee~~eeeeee~ev 
l"l'lll. r 11 rnpor t ITI\S NC ALT-FJI\utoMLI UDC Allowed PgDn PgUp llorne 
~;rwr- PI Import Column Shit t- F 31\u toCII'I' Shift-F5Del/Pur End 
F"l Save/Purge F211elp FJI\utoGen F4Purge FSDelete F7Mark/UnMark F10Search 
57 
cee Ctrl :Copy~~~UHHUHUH!~HH~ ITJ\S Conductor Data Entry ~~~~~~~~~~~~~~e ESC:Quit E 
D D 
c SqNo FACTOR From To Cond. Value L/R Description c 
D 397 1 1504 1404 .0162 L c 
c 398 1 1505 1405 .0105 L c 
c 399 1 1506 1406 .0121 L D 
c 400 I 1507 1407 .0095 L c 
c 401 1 1508 1408 .0058 L c 
D 402 1 1509 1409 .0274 L c 
c 403 1 1510 1410 . 0315 L c 
c 404 1 1511 1411 .0247 L c 
c 405 1 1512 1412 .015 L c 
c 406 1 1401 1301 .0295 L D 
n 401 I 1402 1302 .0339 L c 
n 408 1 1403 1303 .0266 L c 
" 
'10<) 
' 
!~01 lJ~1 .0152 L c 
c 1\10 1 1405 1305 .0105 L c 
n 4 1 1 1 1406 1306 .0121 L D 
c 412 1 1407 1307 .0095 L c 
D 413 1 1408 1308 .oo58 L D 
0 4 14 1 1409 1309 .0274 L D 
a~~eeeeeeeeee~eeee~~~eeee~~eeeee~e~e~ee~eeeeee~~~eeee~eeeeeee~~~~~eee~~ee~eeeeev 
CTRL-f'llmport ITAS_NC I\LT-F31\utoML1 UDC Allowed PgDn PgUp nome 
SIIF'I'-F1lrnport Column Sh!ft-F3J\utoCHT Shift-F5Del/Pur End 
F!Save/Purge F2Help F3J\utoGen F4Purge F5Delete F7Mark/UnMark FlOSearch 
eee ctrl:Copyeeeeeeeeeeeee ITJ\S conductor Data Entry eeeeeeeeeeeeeee ESC:Quit E 
0 D 
c SqNo F/\C'l'OR From To Cond. Value L/R Description c 
c 115 1 1410 1310 . 0315 L D 
c 4 I 6 1 1411 1311 .0247 L c 
0 4 1 7 1 1412 1312 .015 L D 
0 418 1 1301 1201 .0295 L D 
n 1119 1 1302 1202 .0339 L D 
n 420 1 1303 1203 .0266 L D 
[I 421 1 1304 1204 .0162 L D 
[J 4 22 1 1305 1205 .0105 L D 
0 423 1 1306 1206 .0121 L D 
0 4 24 1 1307 1207 .0095 L c 
0 425 1 1308 1208 .oo5e L c 
0 4 26 1 1309 1209 .0274 L c 
0 4 27 1 1310 1210 .0315 L c 
D 428 1 1311 1211 .0247 L D 
n 429 1 1312 1212 .015 L D 
n 00 I 1201 1101 .0295 L c 
n 4)1 I 1202 1102 .0339 L c 
II 02 1 1203 1103 .0266 L D 
~0eeccceceeeeeeeeeeeeeeeeeeeeeeeeeee~eeeeeeeeeeeee~~~~e~eeee~eeeeeeeee~eeeeeeeev 
ernr,- f 1 Irnpor t l'I"J\S NC J\LT-F3J\utoMLI UDC Allowed l PqDn PqUn Home 
Sllf"l'-fl Import Column Shift- F3J\u toCHT Shift-FSDel/Pur End 
F'ISave/Purge F2Help F3J\utoGen F4Purge FSDelete F7Hark/UnHark F10Search 
58 
A~~ Ctrl:Copy~~~~~~~~~~~~~ ITAS Conductor Data Entry~~~~~~~~~~~~~~~ ESC:Quit E 
[] c 
c SgNo FACTOR From To Cond. Value L/R Description c 
c 433 l 1204 1104 .0162 L c 
c 434 1 1205 1105 .0105 L c 
n 435 1 1206 1106 .0121 L c 
n 436 1 1207 1107 .0095 L c 
c 437 1 1208 1108 .0058 L c 
c 438 1 1209 1109 .0274 L c 
n 439 1 1210 1110 .0315 L c 
c 440 1 1211 1111 .0247 L c 
c 441 1 1212 1112 .015 L c 
c 1 L c 
c 1 L c 
c 1 L c 
c 1 L c 
c 1 L c 
c 1 L c 
c 1 L c 
c 1 L c 
c 1 L c 
aeeeeeeee~~~~~~~~~~~~~~~~~e~e~~e~ee~~~eeee~eeeeeee~eeeeeeeeeeeeeeeeeee~~~~ee~~~v 
CTRL- Fl1rnpor t ITAS NC ALT-F3AutoMLI UDC Allowed PgDn PgUp Home 
SIIF1'-Fllrnport Column Shift-F3AutoCIIT Shift-FSDel/Pur End 
FlSave/Purge F2Help F3AutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
59 
APPENDIX F ITAS NODE DATA FOR COLD-CASE 
0.i1Clr I :r.opyl!t!IHHHH! I'I'/\S llocle Dal:n Enlry For Thermal /\nal ysis ~IHHHHHH!F.SC:Qul U![ 
n II 
11 ~;1':()11 lloueuo Temp-e 'I'Inl·tass IJissJ p Conunenl n 
11 901 20 0 P.PS IIOUSliiG W/\Ll,S ·I X n 
II 902 20 0 I Y 11 
11 90 J 20 0 IV n 
rt 9 0 ·I 7. 0 0 I V n 
II 905 20 0 I Y f1 
II 906 20 0 ·I Z II 
n 907 20 0 -X If 
rt 900 20 0 -Y rt 
II 909 20 0 -Y II 
rt 910 20 0 -Y II 
II 911 7.0 0 -V II 
11 917. 20 o -z n 
II ·-91 J 0 0 IJOUIIO/\RV !lODE! '1'0 906 11 
11 921 20 0 IIOUSJNG IV IJOTTOI·I H/\JI, 11 
II 922 20 0 IY ~IJDDLP. H/\11, II 
11 923 20 0 ·IV TOP R/\IL n 
rt 921 20 0 -Y IJUT'I'OH ll/\1L. 11 
11 925 20 0 -Y llJ.UUL.E! H/\11... n ~~~~~~~~~~~I!I!HI!I!~~t!~HI!I!H~~HH~HHUHH~HH~~Ht!I!UI!~H~UH!HHHHHHHHHH~H~HHHH~H~~I!HI!I!I!~HH~Y 
l'TIII.·FI l1nporl JT/\S IIC UDC /\.1 !.owed PgUn PgUp !lome gn<l 
S1W'I'·1,.11mport Cf'Jluilu1 Shl ft-FSDeJ/Pur 
1-'1 ~:ave/ 1'11 rge F/.llc J p F' J/\ul:oGen F'-1 Purge F'5De.le te F7Ha rk /UnHa r k F 1 OSea rch 
1'>/>CI.r I :r'opyl!l.llH!l!l!l! 1'1'1\S llode Dilla P.nlry For Thermal 1\nalysls lH!l!l!l!l!lH~E!SC:Qul LH£ 
If II 
" SE(.lll llouello Temp-e Thrllilss DlssJ p Comment n 
11 926 20 0 -V TOP RI\J.L 11 
11 GO I 20 . 058 TOP PCIJ 'l'!l!':RI·IM ... r-: ... 1\NF. n 
II (,()/. 20 . 070 II 
11 GOJ 20 .021i n 
II 60-1 20 , 00} II 
n 605 20 0 n 
II (j()(j 20 0 II 
II 60/ 20 0 If 
n GUO 7.0 0 n 
II (,(19 /.() 0 n 
n 610 20 0 II 
11 6 I I 20 0 n 
II (,J]. 20 0 11 
11 r, 1 J 7.0 o " 
II (,I 1 20 0 " 
II (,J'j '].0 0 II 
II 616 '].0 I) II 
11 (oil 7.0 0 n 
,\/1 !I e (I (I i; (I /I I~ I~ I! !I I! Ill! I! 1:1 lll! 1:1 l! /~ 1! I! til! Ill_!~ I! l! /:Ill/!~ I! N! n til! l! 1! e l! 1.! e I! /I e Nl eil ~ ~ ~ e l!e ~I! l! ~ ~ e i! I\ i! Ill! HI' I~ t• e 11 11 V 
<"I'll I. F I I rnpo r I I 'I' /\S _ IIC UDC /\I I owetl Pglln PgUp !lome End ~Ill· 'I' 1-'1 Import Cohllrtn Sill fi:-F5lle] /Pur 
1'1 ~.-,ve/l'urgl'! F7.11e.l p FJ/\ut:oGf'n F-1 Purge f'5De I ele F'1Uark/Unltark Fl Of.<>ilrch 
60 
I . 
r-~cl r I :CorytH:HHHH~t:! 1'1'1\S Node D<lta P.ntry For Thermal 1\nalysis IH~t:!~HHHH:!ESC:Quite£ 
II D 
n SP.QtJ NodeNo Temp-e ThrMass Dissip Comment c 
II )/ 618 20 0 D 
n JO 501 20 0 5Til LI\YER POLYIMIDE c 
11 )9 502 20 0 D 
11 10 503 20 0 D 
II 11 501 20 0 D 
11 12 505 20 0 D 
II 1) 506 20 0 D 
II H 501 20 0 D 
II 15 508 20 0 D 
n 16 509 20 0 a 
n 1 I 510 20 0 D 
11 10 511 20 0 D 
11 19 512 20 0 D 
11 50 51 J 20 0 D 
n 51 514 20 0 t1 
n 52 515 20 0 a 
n 5 J 516 20 0 c 
n 51 517 20 0 c 
~~eeee~e~e~~e~~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
CTHL-Fllmport 1'\'1\S_NC UDC 1\llowed PgDn PgUp Home End 
SIIF'I'- F' llrnpor t Column Shi ft-F5Del/Pur 
FlSave/Purge F211elp F'31\utoGen F4Purge F5Delete F7Mark/UnMark FlOSearch 
~~ctrl :copyeeeeeee ITI\S Node Data Entry For Thermal 1\nalysis ~I:HH:HHHH~ESC:QuitH 
n 
n Sf:()U Node No Temp-e 'l'hrl-tnss Dissj p Cornmen t c 
n 518 20 D 
n '101 20 .OOJ GROUND LI\YER COPPER c 
n '102 20 .004 c 
n '103 20 .001 c 
11 '104 20 .001 ll 
n '105 20 0 11 
II '106 20 0 11 
n '107 20 0 a 
n 'lOB 20 0 a 
n 409 20 0 11 
n 110 20 0 a 
n 11 1 20 0 a 
n 'I J 2 lO 0 c 
n 'I I J 20 0 o 
n 'I I 'I 20 0 c 
n '115 20 0 o 
n 1116 20 0 c 
U 'I 17 20 0 D 
A~~~PH~H~~"e~~~~eee~~eeeee~~eeeeeeeeeeeeet:!eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
l'TI!I. !,.llu1port 1'1'1\S NC UDC 1\lJowed PgDn PgOp llorne End 
SIIFT- f" I Import Co tuiiin Shift- F5Del /Pur 
FISa\~/Purge F211elp FJI\utoGen F4Purge F5Delete F7Mark/UnMark FlOSearch 
6 1 
t'>i>CI. r I.: Copy#HHHHHH! I'fl\S Node Da I: a En 1: ry For Thermal 1\nalys is l!lHH:HHHH~F.SC: QUI tl!E 
II ll 
n SE(.>r~ llodeNo 1'emp-C Thrl-fass Dlssip Comment o 
11 "18 20 0 ll 
n 301 20 0 3RD LAYEr. POLYIMIDE o 
n 302 20 0 ll 
II 303 20 0 ll 
II 30<\ 20 0 ll 
n 305 20 0 n 
n 306 20 0 c 
II 307 20 0 C 
II )00 20 0 ll 
11 309 20 0 ll 
II J J 0 20 0 C 
n 311 20 0 n 
II 31 2 20 0 C 
n 3 J J 20 0 c 
ll J J" 20 0 c 
fl 315 2:> 0 c 
ll 316 20 0 c 
[J 317 20 0 c 
a~~~P.ce~e~ee~eeeel!eel!l!l!e~l!eeel!l!~l!l!l!l!l!l!l!l!~l!l!l!l!el!el!l!e§eeeeel!eeel!eeeeeel!el!eeeeeeeev 
CT\11.-FI lmport ITI\S NC UOC /\.\.lowed PgDn PgUp !lome End 
SIIFT- rr lmpor:t Co.luiiin Shift-FSDel/Pur 
£-'1Save/Purge F211elp F'3l\utoGen F4Purge F5Delete F7Mark/UnMark FlOSearch 
~~Clrl:Copyl!eel!l!l!l! lTl\S Node Data Entry For Thermal 1\nalysls eeeeeeeeESC:QuJteE 
n ll 
n SP.r)rr tlodeNo Temp-e ThrHass Dlssip Comment c 
n JLO 20 0 o 
n 201 20 0 SIGNAL LEVEL (VERY LITTLE CU) n 
n 202 20 0 n 
n 20 J 20 0 n 
" 201 20 0 c 
n 205 20 0 n 
11 206 20 0 n 
n 701 20 0 n 
II 200 20 0 tJ 
n 209 20 0 n 
n 210 20 0 n 
11 211 20 0 n 
11 2 J 2 20 0 D 
n 21) 20 0 n 
II 2 I" 20 0 c 
n 21 5 20 0 c 
n 2 J (j 20 0 n 
11 211 20 0 [! 
n~~c~ucci:i~~~~~~ce~eeeee~~e~ec~~ce~He~nueeeeeeeeeeeel!eeeeeel!eeeeeeeeeeeeeeeeeeeev 
l'l'l!l. Fll111port 1'1'1\S_NC UDC /\.I lowed PgDn PgUp llome End 
~IWI'-rllmporL Cnlumn Sh1ft-F5Del/Pur 
FISilve/Purg~ F211e.lp F'Jllul:o(~en F'1Purge FSDelete F7Mark/UnHark F10Search 
62 
; 
M\Clr.l :Copy~HHHHHH! IT!IS Node Data Entry For Thermal !lnalysis tH:HHHHHH!ESC:Quit~E 
" 
n 
n SF:Qll NodeNo 1'ernp-C '!'hrHass Dissip Conunent c 
[J 216 20 0 [] 
n 101 20 0 TOP L!IYER POLYIHIDE c 
n 102 20 0 n 
II 10) 20 0 D 
II I 01 20 0 [J 
n 105 20 0 n 
n I 06 20 0 o 
11 J 01 20 0 tl 
[1 108 20 0 [J 
II 109 20 0 D 
n 110 20 0 D 
n 111 20 0 D 
n I J 2 20 0 D 
n I J 3 20 0 c 
n I 11 20 0 n 
n 115 20 0 o 
n 116 20 0 n 
o 117 20 0 n 
a~ee~eeeeee~eeeeee~~eeeeeeeeeeeeeeeeeeee~~eeeeeeeeeeeeee~5eeeeeeeeeeeee~~eeeeeev 
CTHL-Ftlmpc.rt l't'I\S_NC UDC 1\llowed PgDn PgUp Home End 
SIWI'- F'llrnport Column Shlft-FSDel/Pur 
FISave/rurge F2Jlelp FJ!IuloGen F4Purge F5Delete F7Hark/UnHark FlOSearch 
~P.Cl r I :CopyiHH=HHH!e IT!IS Node Data Entry For Thermal !Ina lysis elHHHHH!eESC:QuitH 
n n 
n sr-:rJtl llodeNo Ternp-C 'l'hrHass Dissip Comment o 
n 118 20 0 n 
n 1601 20 0 BOTTOM PCB THERH!IL PL!INE l.'OPPER o 
n 1602 20 0 n 
n 1603 20 0 o 
n 160<1 20 0 n 
n J 605 20 0 n 
n 1606 20 (l o 
n J 607 20 0 o ' 
11 J 608 20 0 0 
11 1609 20 0 tl 
n 1610 20 0 c 
II 16)) 20 0 ll 
n 1612 20 0 n 
n 161 J 20 0 o 
n 1611 20 0 o 
n I 6 I 5 20 0 o 
11 1616 20 0 tl 
n 1617 20 0 c 
A~l!~~e~e~eeeeee~eee~ee~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
l'l"lll. Fllrnporl l'I'!IS I~C l'DC !ll.lowed PgDn PgUp llorne End 
Slll··r- FJ Import Column shift-FSDel/Pur 
fl~i'lvP./I'urge F211elp FJ!IutoGen F4Purge F5Delete F7Hark/Unt.fark FlOSearch 
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• I 
f>fict-r 1. :CopyiH!~~I:HH~ 1'1'1\S Node Data Entry For Thermal 1\nalysls· ~H!~IH:H!~i:!ESC:Qu1 U!£ 
n 
1 
n 
11 SP.C.)II NodeNo Temp-e Thrt-1ass Dlssip Comment o 
11 1618 20 0 ll 
u J 501 20 0 5Til LJ\YER POLY IMIDE ll 
n 1502 20 0 ll 
II }50) 20 0 [] 
11 1501 20 0 ll 
n l 505 20 0 n 
[I 1506 20 0 ll 
11 1507 20 0 0 
n 1 508 20 0 n 
n 1509 20 0 n 
n 1510 20 0 ll 
It 1511 20 0 ll 
Cl 1512 20 0 ll 
11 I 5 J J 20 0 o 
n I 511 20 0 D 
II 1515 20 0 ll 
n 1516 20 0 ll 
D 1517 20 0 ll 
a~~~e~e~~~~~~ij~~~~~~~ij~ij~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~e~v 
CTilL- Fl Import 1'1'/\S_NC UDC 1\tlowed PgDn PgUp llomP- End 
SIIFT-FI lmpnrt Column Shlft-FSDel/rur 
f"'Save/Purge F211elp FJJ\utoGen F4Purge F5Delete F7Mark/UnHark F10Search 
~Dclrl :Cnpy~eH~~~~ 1'1'/\S Node Data Entry For Thermal 1\nalysls ~~~~~~~~ESC:Quit~E 
11 D 
11 sr·:f.JII Nodctlo Temp-e 'l'hrt-lass Disslp Comment o 
n 1 510 20 0 D 
n 110I 20 0 GROUND LJ\YER COPPER o 
II 1402 20 0 D 
11 HO 3 20 0 n 
II J-101 20 0 [J 
11 1105 20 0 [J 
n 1106 20 0 n 
n 1107 20 0 n 
11 1 1 o e 2 o o n 
n 1109 20 0 n 
n I -1 1 0 20 0 D 
n I -1 l I 20 0 n 
11 111 2 20 0 [J 
11 I 1 J J 20 0 n 
11 111-1 20 0 [J 
11 J ·1 I 5 2 0 0 n 
n 11 J G 20 0 n 
11 111 I 20 0 D 
~~~P~~~~~f~~~H~@~HHH~~~~~~@~H~HeHHe~HHHHHHHHHeHeHH~~~~~~H~~~ee~HHeeeee~eHHe~e~~V 
l'Till. F 1 lmpor t IT/IS NC UDC /Ill owed PgOn rgup Home End 
SIII·'T Fllmpnrt Coluiiin Shlft-F5DeJ/Pur 
FISnvP/Purge F?llelr F'JllutoGP.n F4PPrge F'SDelete F7Hark/UnMark FlOSearch 
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~~ctrJ:Copy~~~~~~~ ITAS Node Data Entry For Thermal Analysis ~~~~~~~~ESC:Quit~E 
n D 
" SP.QN NodeNo Temp-e 'I'hr.Mass Diss!p Conunent o 
n HlB 20 0 o 
11 1301 20 0 3RD LAYER POLYIMIDE o 
n J 302 20 0 c 
n 1 30 3 20 0 D 
II 1 301 20 0 D 
n 1 305 20 0 n 
n 1 306 20 0 n 
n 1 307 20 0 n 
n 1 JOB 20 0 n 
n 1309 20 0 D 
11 1310 20 0 D 
n 1 J 11 20 0 tJ 
n 1 312 20 0 D 
n 1 31) 20 0 n 
n 1 3 J 1 20 0 n 
II 1 315 20 0 D 
n 1 316 20 0 D 
n 1 31 7 20 0 n 
nceeeee~e~eeft~ee~~eM~~~eee~eee~~ee~eeeee~~eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeev 
L''l'llL·I"llruport 1'1'1\S NC UDC 1\llowecl PgDn PgUp Home End 
SIWT- f'l 1mpor t Column Shift-FSDel/Pur 
f'ISCJve/rurge F211eJp F'JAutoGen F1Purge F5Delete F7Hark/UnHark FlOSearch 
1'-liCI r l :CopylHHHHHH! ITI\S Node Data Entry For Thermal Analysis lHH:!eelH!eE!SC:Qui teE 
n n 
11 sro:r..nt tlodeNo 'l'emp-C 'I'hrHass Diss lp Cormnent o 
n I J 1 B 20 0 o 
n 1201 20 0 SIGNAL LAYER COPPER n 
n 1202 20 0 n 
II 120J 20 0 ll 
n J 201 20 0 D 
II I 1 05 20 0 t:l 
II J 206 20 0 t:l 
" J 201 20 0 t:l 
n I 206 20 0 t:l 
11 I 209 20 0 n 
II I 210 20 0 t:l 
11 1211 20 0 t1 
n I 21 2 20 0 tl 
n J 2 J 3 20 0 t1 
II 1 2 I 1 20 0 t:l 
n I 2 I 5 20 0 n 
II I 21 6 20 0 t:l 
n 1211 20 0 tl 
A~,;~(i~~@"ee8~e8H~~~n~nn~HHH~H~HHe~H~HeHeeHeeeeeeeeeee~~eeeeeeeeeeeeeeeeeeeeeeeev 
('TilL Fl Import 1'1'1\S_tiC UIJC Ill lowecl PgDn PgUp !lome End 
~IWI' Fllmport Co.lumn Shlft-F5Del/Pur 
F'l S;we/rurge F21le I p F Jl\utoGen F4 rurge F5Delete F7Hark/UnHa rk Fl OSearch 
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• • .
M>ctrJ :Copy~lHHHHH~ ITJ\S Node Data Entry For Thermal J\nalysls IH~~~H~~~i!ESC:Quite£ 
[J n 
n sr~<)ll UodeUo 'J'emp-C 'I'hrHass Disslp Comment n 
n 1218 20 0 n 
11 1101 20 0 TOP LJ\YER POLYIH1DE a 
n J 102 20 0 a 
n 1103 20 0 n 
II 1104 20 0 [J 
11 1 1 OS 20 0 a 
n 1106 20 0 a 
n 1107 20 0 n 
n 1108 20 0 a 
n 1109 20 0 n 
n 1110 20 0 a 
n 1111 20 0 a 
n J 1 12 20 0 a 
n 1113 20 0 D 
n 1111 20 0 a 
n IllS 20 0 n 
n J 116 20 0 a 
11 1117 20 0 a aPceec~ee~eeeeeei!i!ee~~eeeeeee~eeeeeee~eeeeeee~ei!i!eeeeeeeeeeeeeeeeeeeeeeeeeeeeeev CTilL -f"l Ltnporl: 1'1'/'.S NC UDC J\llowed PgDn PgUp !lome End 
SIJF'I'-- Fl import Column Shlft-FSDel/Pur Fl S<lve/Purge F2IleJ p FJl\utoGen F4Purge FSDelete F7Hark/Unt-1ark F10Search 
eeCl r 1 :CopytHHH~eiH~ 1'1'1\S Uode Data Entry For Thermal J\nalysls eeeeeeeeESC:QuiteE 
n 
a 
[J 
a 
a 
a 
a 
[J 
[J 
a 
a 
a 
II SF:t,)tl 
II 
II 
II 
" 
II 
n 
n 
n 
II 
n 
n 
n 
II 
II 
n 
n 
n 
11 
1-lodeNo 
11 1 e 
Temp-e 
20 
ThrH<!ss Dissip 
0 
Comment 
a 
a 
a 
D 
D 
D 
D 
a 
a ae~~;~eceHe~~~e@ee~~ee~~eee~~e~~eeeeeeeee~eeeeeee~~eeeeeeeeeeeeeeeeeeeeeeeeeeeeev CTf!I.-Filmport 1'1'1\S_NC UDC J\J Lowed PgDn PgUp llome End SJIPT-FI Import Column Shifi:-FSDe]/Pur 
FIS<lve/Purge F211elp FJl\utoGen F4Purge FSUelete F7Hark/UnHark F10Search 
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,. 
APPENDIX G ITAS NODE DATA FOR HOT-CASE 
ceClr I. :CopylH!~~lHH! I'fAS Node Data Entry For Thermal Analysis lHHHHHH!~ESC:Qu1 U!£ 
l1 n 
n Sl·:(.ltl No<leNo Temp-e 'l'hrl-lass Dlssip Comment n 
n l 901 20 0 EPS HOUSING WALLS ~·X 11 
11 2 902 20 0 +Y n 
u ] 903 20 0 1Y n 
n 1 904 20 0 +Y n 
11 5 905 20 0 +Y n 
11 (, 906 20 0 +7. n 
11 1 907 20 0 -X n 
II 0 9 0 0 2 0 0 - Y II 
11 9 909 20 0 -Y II 
n 10 910 20 0 -Y n 
II I ] 9 1 1 2 0 0 - Y. n 
n 12 912 20 0 -z n 
11 I J -91 J 40 0 BOUNDARY NODE 'fO 906 II 
11 I ·I 921 20 0 HOUSING +Y DOTTOt-1 HAlL n 
n l'j 922 20 0 -tY IHDDLE RAIL 11 
11 16 923 20 0 +Y TOP RAIL n 
11 I I 921 20 0 -Y UOTTOM HJ\Jf, II 
II Ill 925 20 0 -Y M1DIJ[,g HAlL II 
c''Ji'i'ci!i\ect!eeetleeeee1!1!1!~1!1!1!~el!eeeeeee{~eeeeeeeeeeeeeeeeeeeeeeeetHHH!eeet!1Weel!1!11 ei'i'i'v 
CTilJ.-Filmport 1'1'/\S tiC UDC 1\l.lowecJ PgDn PyUp Home End 
~iiWT-Fl lrnporl column Shift-FSDel/Pur 
1-'IS•lve/Purge F211elp PJAutoGen F1Purge F5Delele F7Mark/UnMark f'lOSeilr-ch 
~~ctrl:copyel!eeeee IT/\S Node uata Entry For Thermal Analysis ijeeeeeetiESC:QulleE 
II n 
11 SEON NodeNo 'l'ernp-C 'l'hrt-1ass Dlssip Comment n 
11 19 926 20 0 -Y TOP RJ\IL n 
11 20 601 20 .037 TOP PCB TIIERt-1/\L PLJ\NE n 
II 7.1 602 20 .0475 t1 
11 V 603 20 .01995 n 
II /.J 601 20 .01 ll 
11 <.1 605 20 .011 n 
11 75 606 20 .060 n 
n /.(i 607 20 .011 n 
n 21 r,oo 20 0 n 
11 /.0 609 20 0 n 
11 29 610 20 .000 n 
n JO 611 20 .000 n 
11 Jl 61/. 20 .011 11 
11 J ;~ (,! J 2 0 0 n 
11 ) l 6 I 1 20 0 n 
rr Jo1 615 20 .009 11 
rr .1'-. (,16 20 .. 009 11 
11 J(, (,U 20 .001 n 
lll! I! 1'1'1; 1; II til~ l! ~ ~ e I!~ l! I! e 1! 1! e e e 1!!.!!.! e 1.1/! N~ 1.! e!.!!.! t! l!!.! 1:! l! e eel! l! l! l! I.! I.!!.! 1.!!.! e l:!l!e l! 1:! ee e l!l! eel! e!.! c e!.! c t! 1.! 1.11..; <; i! v 
t.'TIII. · F I I 1npo r l J TJ\S tiC UDC Allowed PgDn PgUp !lome End 
SIWI'-FI Jrnport Column Sh1 ft-F5Del/Pur 
FJs,wc/Purye P211elp 1"3/\ul:oGen f'1Purge F5Delete F7Mark/Unl-1ilrk FlOScarch 
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eeCtrl:Copy~ee~~~~ ITAS Node Data Entry For Thermal Analysis ~~~~~~~~ESC:Quit~£ 
D D 
c SEQN NodeNo Temp-e ThrMass Dissip Comment c 
D 127 118 20 0 D 
c 128 1601 20 .113 BOTTOM PCB THERMAL PLANE COPPER c 
D 129 1602 20 .086 D 
D 130 1603 20 .025 D 
D 131 1604 20 0 D 
D 132 1605 20 0 D 
D 1]3 1606 20 .175 D 
D 134 1607 20 0 D 
D 135 1608 20 0 D 
D 1]6 1609 20 ,375 D 
D 137 1610 20 .105 D 
D )30 1611 20 .15 D 
n 139 1612 20 0 D 
D 140 1613 20 0 D 
D 141 1614 20 0 D 
D 142 1615 20 0 D 
D 143 1616 20 0 D 
D 144 1617 20 0 D aeeeeeeeeeeee~ee~e~~ee~~eee~e~eeeeeeeeeeeeeeeee~eeeeee~eeeeee~eee~ee~eeeeeeeeeev 
CTRL-Fllmport ITAS NC UDC Allowed PgDn PgUp Home End 
SIIFT-F1 Import Column Shift-FSDel/Pur 
F1Save/Purge F2Help FJAutoGen F4Purge F5Delete F7Mark/UnMark F10Search 
I ' 
/I 
' . .J 
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APPENDIX H lTAS OUTPUT FOR COLD-CASE 
TOTAL SURFACES IN THIS MODEL= 42 
TOTAL SURl~ACES IN TillS MODEL= 4 2 
******************************************************************************** 
PC-ITA'S Summary of Jnput Parameters 
These parameters reflect the latest values assigned to them 
prior to any computation 
TOTAL SURFACES IN THIS MODEL= 42 
**A***************************************************************************** 
Dale: 05/20/94 Time: 14:35:3?.10 
******************************************************************************** 
=====~========================================~==========================~~~~~=~ 
Thermal Analysis Parameters 
==============================================~============================~~~== 
1. Solution Method:l.Steady-State 2.Transient 3. (1&2) ...... . 
2. Solution Time Step ........ (minutes) ..................... . 
J. Final Time (minutes);if <O then no of orbs ............... . 
4 Starting Temperature ...... (Kelvin ) ..................... . 
':>. Temperature Print Interval (minutes) ..................... . 
G. No. of Iterations For Convergence (NLOOP) ................ . 
1. Temperature Unit l:K, 2:C, 3:F, 4:R ...................... . 
U. Solution Accuracy Parameter (not used) ................... . 
Y. Solution Convergence Parameter (not used) ................ . 
10. Solution Tolerance (ARLXCA, DRLXCA) ...................... . 
11. Transient Solution Stability Factor (not used) ........... . 
t2. Include User-Defined Network ....... (Y/N) ................. . 
1). Print RADK, POWER .................. (Y/N) ................. . 
14. Print Transient Time/Temperature ... (Y/N) ................. . 
15. Starting Temperatures Forced (No.4)(Y/N) ................. . 
1l>. Thermal Analyses Without Orbital r,oads (YIN) ... , ......... . 
11. Stand-Alone Thermal Analyzer (ITAS-Format Models) ........ . 
18. No. of Isolated Cavities (RADK files) .................... . 
1 
0. 10 
-1.00 
300.00 
20 
9999 
2 
130 
1.30 
0.00100 
0.050 
y 
N 
N 
N 
y 
y 
0 
=================================================================~=========~==== 
1\l\l\!\/\1\/\/\l\l\/\1\/\l\/\/\/\l\1\l\l\l\/\l\/\/\1\/\/\/\/\/\/\/\l\1\/\1\/\l\ 
*ITAS THERMAL ANALYSIS* 
/\/\/\/\/\l\1\/\l\/\/\/\/\/\l\1\l\/\/\/\l\/\l\l\/\/\1\/\/\l\/\l\/\/\l\l\/\l\1\l\ 
ITAS THERMAL ANALYZER: 
• EIWOH *DATA ERROR ENCOUNTERED 
* EIH!OH • FOH CODE= 
END OP RADIATION COtiDUCTANCE & POWER PROCESSING 
1'11EIU4AL DA'l'A PREP ERROR CODE= 1 
***••••************************************************************************* 
Ddle: 05/20/94 Time: 14:30:4-1 . .10 
············••****************************************************************** 
~===~=====~============:=====~==================================~======~=====~== 
Ti"='t•u.Jl Analysis Parameters 
=-=~=~====~===============================================~=====;=============== 
1. Solution Method:1.Steady-State 2.Transient 3. (1&2) ...... . 
2. Solution Time Step ........ (minutes) ..................... . 
1. Pinal Time (minutes);if <0 then no of orbs ............... . 
'1. Slurling Temperature ...... (Kelvin ) .................... .. 
~. Temperature Print Interval (minutes) ..................... . 
1>. No. of Iterations For Convergence (NLOOP) ............... .. 
·1. Temperature Unit 1:1<, 2:C, 3:F', 4:R ...................... . 
u. Solution Accuracy Parameter (not used) ................... . 
'J. ~;olutlon Convergence rarilmelcr (not used) ............... .. 
I o. ·• >Jut I on To 1 e r anc£> ( J\III.XCA, DIII.XCI\) .•••••.••.•••••...••... 
11 .. ,,,.,.~il«'nl Solution ~;t,ltlllty t-'1\<lnr pml u::;Pd) .......... .. 
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l 
0. 10 
-1.00 
300.00 
20 
9999 
2 
1 JO 
I • JO 
0.001!10 
U. H 'd• 
12. Include User-Defined Network ....... (Y/N) ................. . 
13. Print RADK, POWER .................. (Y/N) ................. . 
14. Print Transient Time/Temperature .•. (Y/N) ................. . 
15. Starting Temperatures Forced (No.4)(Y/N) ................. . 
16. Thermal Analyses Without Orbital Loads (Y/N) ............. . 
17. Stand-Alone Thermal Analyzer (ITAS-Format Models) ........ . 
18. No. of Isolated Cavities (RADK files) ..........•.......... 
y 
N 
N 
N 
y 
N 
0 
~==~=:==;======================================================================= 
l\l\1\l\1\/\/\/\/\l\/\/\l\/\l\/\/\l\/\l\1\/\/\/\l\/\l\l\1\l\1\/\1\l\l\l\1\l\1\/\ 
*ITAS THERMAL ANALYSIS* 
1\l\l\/\l\/\l\/\l\l\1\l\/\/\1\/\l\l\1\l\l\/\l\/\/\l\/\/\/\l\/\/\/\l\/\/\l\/\/\l\ 
******************************************************************************** 
Date: 05/20/94 Time: l1;38:44.10 
********************************************************r~*+'******************* 
===~============================================================================ 
View Factor Computation Parameters 
========================================~======================================= 
1. View Factor Accuracy Parameter ............................. 2 
2. Engineering Units of the Geometry Data: 
l:inch, 2:feet, 3:centimeter, 4:meter ...................... 1 
3. View Factor Computation Without Blockage (Y/N) ............. N 
4. Print Control Parameters: 
O:Do Not Print; !:Print All; 2:Print All & Intervener List.o 
5. View-Factor Re-Start File ................................. . 
========================================~======================================= 
/\l\/\/\l\/\l\/\l\1\1\l\1\l\l\1\l\l\/\l\1\/\l\/\l\1\/\/\1\l\l\1\l\/\l\/\l\1\/\l\ 
*ITAS VIEW FACTOR COMPUTATIONS* 
/\/\/\l\l\/\/\/\/\l\/\l\l\/\1\/\/\l\1\l\1\/\l\/\l\l\l\/\1\l\l\1\/\/\l\/\/\/\/\l\ 
INPUT IS IN INCHES 
OUTPUT IS IN CENTIMETERS 
TOTAL SURFACES IN THIS MODEL= 42 
UNITY MINUS THE SUM OF THE FACTORS 
(VIEW FACTOR -to- SPACE) 
SURFACE 1. -FACT KEY 
l. 01 0.3965 ( 3) 
l. 02 0.3648 ( 25) 
l. 03 0.3930 ( 26) 
l. 04 0.3858 ( 27) 
l. 05 0.3524 ( 28) 
l. 06 0.8752 ( 1) 
l. 07 0. 3811 ( 4) 
l. 08 0.3527 ( 29) 
l. 09 0.3855 ( 30) 
1.10 0.3654 ( 31) 
1.11 0.3524 ( 32) 
1.12 -0.0024 ( 2) 
2.01 0.6859 ( 42) 
2.02 0.8949 ( 40} 
2.03 0.9450 ( 37) 
2. 04 0.9497 I 33) 
2.05 0.8709 I 20) 
70 
2.06 0.5751 41) 
2.07 0.7484 39) 
2.08 0.7874 36) 
2.09 0.7810 22) 
2.10 0.7203 18) 
3.01 0.7066 ( 23) 
3.02 0.8437 ( 16) 
3.03 0.8486 ( 15) 
3.04 0.7683 ( 12) 
3.05 0.7970 ( 21) 
3.06 0.9587 ( 14) 
3.07 0.9678 ( 13) 
3.08 0.8683 ( 10) 
4.01 -0.0193 ( 8) 
4.02 -0.0115 ( 6) 
4.03 -0.0117 ( 11) 
4.04 -0.0154 ( 19) 
4.05 -0.0348 ( 34) 
4.06 -0.0001 ( 24) 
4.07 -0.0003 ( 35) 
4.08 0.0000 ( 38) 
4.09 -0.0171 ( 7) 
4.10 -0.0116 ( 5) 
4.11 -0.0118 ( 9) 
4.12 -0.0112 ( 17) 
ACTIVE SURFACES IN OUTPUT- 42 
************************************* 
VIEW FACTOR CALC CPU TIME (second) = 34.7100 
************************************* 
** END OF PC-ITAS VIEW FACTOR CALCULATIONS ** 
l\l\/\l\1\l\l\/\l\l\l\1\l\l\1\l\/\l\1\l\l\1\l\l\1\/\l\l\/\l\1\l\1\l\1\l\l\l\l\l\ 
\l\l\/\l\/\l\1\/\l\l\l\/\1\l\/\/\l\/\/\l\1\l\l\l\1\/\l\1\l\1\l\/\l\l\1\l\/\/\/\/ 
******************************************************************************** 
Date: 05/20/94 Time: 14:39:19.10 
******************************************************************************** 
========;===========================================================~=========== 
Script-F Control Parameters 
================================================================================ 
1. SPACE (SINK) Node Number.......... . . . . . . . . . . . . . . . . . . . . . . . . . 0 
2. Cutoff Limit For Area*Script-F (Sq.cm.) .................... 0.5000£+00 
3. Cutoff Limit For Blackbody Viewfactors..................... 0.0000 
4. SPACE (SINK) Node Emissivity............................... 0.9999 
5. SPACE (SINK) Node Temperature (Kelvin)..................... 0.0000 
6. SINDA-format RADK file to be generated (YIN)............... N 
7. SINDA Radiation Conductor Number At Start.................. 100000 
B. Print control: O:No,do not print, 1:Yes, print all......... 0 
9. File name to store RADKs ................................... EPS.RAD 
================================================================================ 
================================================================================ 
Seq Surface No Node No Alpha Em iss T/Mass Dissip Matr ID 
================================================================================ 
1 1.01 1 0.40 0.80 1. 00 o.oo 0 
2 1. 02 2 0.40 0.80 1. 00 o.oo 0 
J 1.03 ) 0.40 0.80 1.00 o.oo 0 
4 1. 04 4 0.40 0.80 1.00 o.oo 0 
s 1.05 5 0.40 0.80 1.00 o.oo 0 
b 1.06 6 0.40 0.80 1.00 o.oo 0 
7 1.07 7 0.40 0.80 1.00 o.oo 0 
7 1 
---------
8 1. 08 8 0.40 0.80 1.00 0.00 0 
9 1. 09 9 0.40 0.80 1.00 0.00 0 
10 1.10 10 0.40 0.80 1.00 0.00 0 
11 1.11 11 0.40 0.80 1.00 0.00 0 
12 1.12 12 0.40 0.80 1. 00 0.00 0 
13 2.01 13 0.00 0.01 1.00 0.00 0 
14 2.02 14 o.oo 0.01 1.00 o.oo 0 
15 2.03 15 o.oo 0.01 1.00 o.oo 0 
16 2.04 16 0.00 0.01 1.00 0.00 0 
17 2.05 17 0.00 0.01 1. 00 0.00 0 
18 2.06 18 0.00 0.01 1.00 o.oo 0 
19 2.07 19 0.00 0.01 1.00 o.oo 0 
20 2.08 20 0.00 0.01 1.00 o.oo 0 
21 2.09 21 0.00 0.01 1.00 o.oo 0 
22 2.10 22 0.00 0.01 1.00 o.oo 0 
23 3.01 23 o.oo 0.01 1.00 o.oo 0 
24 3.02 24 0.00 0.01 1. 00 o.oo 0 
25 3.03 25 0.00 0.01 1.00 0.00 0 
26 3.04 26 o.oo 0.01 1. 00 o.oo 0 
27 3.05 27 0.00 0.01 1.00 o.oo 0 
28 3.06 28 0.00 0.01 1.00 o.oo 0 
29 3.07 29 0.00 0.01 1.00 o.oo 0 
30 3.08 30 o.oo 0.01 l.OO o.oo 0 
31 4.01 31 o.oo 0.01 1.00 o.oo 0 
32 4.02 32 0.00 0.01 1.00 o.oo 0 
33 4.03 33 0.00 0.01 1.00 o.oo 0 
34 4.04 34 0.00 0.01 1.00 o.oo 0 
35 4.05 35 o.oo 0.01 1. 00 o.oo 0 
36 4.06 36 o.oo 0.01 1.00 o.oo 0 
37 4.07 37 0.00 0.01 l.OO o.oo 0 
38 4.08 38 0.00 0.01 1.00 o.oo 0 
39 4.09 39 0.00 0.01 1.00 o.oo 0 
40 4.10 40 0.00 0.01 1. 00 o.oo 0 
41 4.11 41 0.00 0.01 1. 00 o.oo 0 
4.12 42 0.00 0.01 1.00 o.oo 0 42 
/\/\1\1\l\l\/\l\l\/\l\l\l\/\1\/\l\1\l\/\l\l\l\1\l\l\/\l\l\/\/\l\1\l\1\/\l\l\1\l\ 
*ITAS SCRIPT-F (RAOK) COMPUTATIONS* 
l\!\l\1\l\l\1\l\l\/\l\l\l\l\/\l\l\1\l\/\/\/\/\/\/\l\l\/\l\1\/\l\1\l\l\/\l\/\/\l\ 
PC-ITAS SCRIPT-F CALCULATION SEGMENT: 
writing ITAS-format RADK for future use 
Node•, Temp., TherMass, Power 
1 10.00 1.00 0.00 EPS HOUSING 
2 10.00 1.00 0.00 EPS HOUSING 
3 10.00 1.00 0.00 EPS HOUSING 
4 10.00 l. 00 0.00 EPS HOUSING 
5 10.00 l. 00 0.00 EPS HOUSING 
6 10.00 1.00 0.00 EPS HOUSING 
7 10.00 1.00 0.00 EPS HOUSING 
8 10.00 1.00 0.00 EPS HOUSING 
9 10.00 1.00 0.00 EPS HOUSING 
10 10.00 1.00 0.00 EPS HOUSING 
11 10.00 1.00 0.00 EPS HOUSING 
12 10.00 l. 00 0.00 EPS HOUSING 
1 3 10.00 1.00 0.00 PCB 1-1 
14 10.00 1.00 0.00 PCB 1-1 
15 10.00 1. 00 0.00 PCB 1-l 
16 10.00 1. 00 0.00 PCB 1-l 
1 7 10.00 1. 00 0.00 PCB 1-1 
18 10.00 1. 00 0.00 PCB 1-1 
19 10.00 1.00 0.00 PCB 1-1 
72 
• 
20 10.00 1.00 o.oo PCB 1-1 
21 10.00 1. 00 o.oo PCB 1-1 
22 10.00 1. 00 o.oo PCB 1-1 
23 10.00 1.00 0.00 PCB 1-2 
24 10.00 1. 00 0.00 PCB 1-2 
25 10.00 1. 00 0.00 PCB 1-2 
26 10.00 1.00 0.00 PCB 1-2 
27 10.00 1.00 0.00 PCB 1-2 
28 10.00 1.00 0.00 PCB 1-2 
2:1 10.00 1. 00 0.00 PCB 1-2 
30 10.00 1. 00 0.00 PCB 1-2 
31 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
32 10.00 1. 00 o.oo PCB 2 (BOTTOM) 
33 10.00 1. 00 o.oo PCB 2 (BOTTOM) 
34 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
35 10.00 1.00 o.oo PCB 2 (BOTTOM) 
36 10.00 1.00 o.oo PCB 2 (BOTTOM) 
37 10.00 1.00 0.00 PCB 2 (BOTTOM) 
38 10.00 1.00 o.oo PCB 2 (BOTTOM) 
39 10.00 1.00 0.00 PCB 2 (BOTTOM) 
40 10.00 1.00 o.oo PCB 2 (BOTTOM) 
41 10.00 1. 00 o.oo PCB 2 (BOTTOM) 
42 10.00 1.00 0.00 PCB 2 (BOTTOM) 
RAD 00 0.1295000000E+01 1 4 
RAD 00 0.3408000000E+01 1 5 
RAD 00 0.1231900000E+02 1 6 
RAD 00 0.1441000000E+01 1 7 
RAD 00 0.1166000000E+01 1 10 
RAD 00 0.3754000000E+01 1 11 
RAD 00 0.9037000000E+01 1 12 
RAD 00 0.5500000000E+00 2 3 
RAD 00 0. 3 313000000E+01 2 6 
RAD 00 0.3342000000E+01 2 7 
RAD 00 0.2634000000E+01 2 12 
RAD 00 0.9950000000E+00 3 4 
RAD 00 0.3602000000E+01 3 6 
RAD 00 0.9060000000E+00 3 7 
RAD 00 0.2767000000E+01 3 12 
RAD 00 0.7580000000E+00 4 5 
RAD 00 0.3602000000E+01 4 6 
RAD 00 0.2770000000E+Ol 4 12 
RAD 00 0.3314000000E+01 5 6 
RAD 00 0.2622000000E+01 5 12 
RAD 00 0.1230000000E+02 6 7 
RAD 00 0. 3 314000000E+01 6 8 
RAD 00 0.3600000000E+01 6 9 
RAD 00 0.3601000000E+01 6 10 
RAD 00 0. 3314000000E+01 6 11 
RAD 00 0.1643000000E+Ol 6 12 
RAD 00 0.3619000000E+01 7 8 
RAD 00 O.l020000000E+Ol 7 9 
RAD 00 0.9591000000E+01 7 12 
RAD 00 0.7800000000E+00 8 9 
RAD 00 0.2629000000E+Ol 8 12 
RAD 00 0.7910000000E+00 9 10 
HAD 00 Q.2762000000E+01 9 12 
HAD 00 0.2766000000E+Ol 10 12 
RAD 00 0. 261 SOOOOOOE+Ol 11 12 
f<J\D 00 0.5660000000E+00 12 )2 
HAD 00 O.SllOOOOOOOE+OO 12 39 
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I 
RAD 00 0. 6110000000E+00 12 40 
MOF RADIATION CONDUCTANCES GENERATED= 38 
************************************* 
SCRIPT-F CALC CPU TIME (second) 2.58000 
************************************* 
ITAS THERMAL ANALYZER: 
vvvvvvvvvvvvvvvvvvvv ADDING USER NODES vvvvvvvvvvv 
IPTR N= 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
5022 
5022= 
5023= 
5024= 
5025= 
5026= 
5027= 
5028= 
5029= 
5030= 
5031= 
5032= 
5033= 
5034= 
5035= 
5036= 
5037= 
5038= 
5039= 
5040= 
5041= 
5042= 
5043= 
5044= 
5045= 
5046= 
5047= 
5048= 
5049= 
5050= 
5051= 
5052= 
5053= 
5054= 
5055= 
5056= 
5057= 
5058= 
5059= 
5060= 
5061= 
5062= 
5063= 
5064= 
5065= 
5066= 
5067= 
5068o: 
5069• 
5070• 
5071• 
5072• 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
51 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
-913 
921 
922 
923 
924 
925 
926 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
51) 
514 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
0 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.058 
.070 
.026 
.001 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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EPS HOUSING WALLS +X 
+Y 
+Y 
+Y 
+Y 
+Z 
-X 
-Y 
-Y 
-Y 
-Y 
-z 
BOUNDARY NODE TO 906 
HOUSING +Y BOTTOM RAIL 
+Y MIDDLE RAIL 
+Y TOP RAIL 
-Y BOTTOM RAIL 
-Y MIDDLE RAIL 
-Y TOP RAIL 
TOP PCB THERMAL PLANE 
5TH LAYER POLYIMIDE 
RECORD 5073= 52 515 20 0 
RECORD 5074; 53 516 20 0 
RECORD 5075= 54 517 20 0 
RECORD 5076= 55 518 20 
RECORD 5077= 56 401 20 .003 GROUND LAYER COPPER 
RECORD 5078= 57 402 20 .004 
RECORD 5079= 58 403 20 .001 
RECORD 5080= 59 404 20 .001 
RECORD 5081= 60 405 20 0 
RECORD 5082= 61 406 20 0 
RECORD 5083= 62 407 20 0 
R2CORD 5084; 63 408 20 0 
RECORD 5085= 64 409 20 0 
• RECORD 5086= 65 410 20 0 RECORD 5087= 66 411 20 0 
• RECORD 5088= 67 412 20 
0 
RECORD 5089= 68 413 20 0 
RECORD 5090= 69 414 20 0 
RECORD 5091= 70 415 20 0 
RECORD 5092= 71 416 20 0 
RECORD 5093= 72 417 20 0 
RECORD 5094= 73 418 20 0 
RECORD 5095; 74 301 20 0 3RD LAtER POLYIMIDE 
RECORD 5096= 75 302 20 0 
RECORD 5097= 76 303 20 0 
RECORD 5098= 77 304 20 0 
RECORD 5099= 78 305 20 0 
RECORD 5100= 79 306 20 0 
RECORD 5101= 80 307 20 0 
RECORD 5102= 81 308 20 0 
RECORD 5103= 82 309 20 0 
RECORD 5104; 83 310 20 0 
RECORD 5105= 84 311 20 0 
RECORD 5106= 85 312 20 0 
RECORD 5107= 86 313 20 0 
RECORD SlOB= 87 314 20 0 
RECORD 5109= 88 315 20 0 
RECORD 5110= 89 316 20 0 
RECORD 5111= 90 317 20 0 
RECORD 5112= 91 318 20 0 
RECORD 5113= 92 201 20 0 SIGNAL LEVEL (VERY LITTLE CU) 
RECORD 5114= 93 202 20 0 
RECORD 5115= 94 203 20 0 
HECCRD 5116= 95 204 20 0 
RECORD 5117= 96 205 20 0 
RECORD 5118= 97 206 20 0 
H£::CORD 5119= 98 207 20 0 
RECORD 5120= 99 208 20 0 
RECORD 5121= 100 209 20 0 
RECORD 5122= 101 210 20 0 
RECORD 5123= 102 211 20 0 
RECORD 5124= 103 212 20 0 
I<I::CORD 5125= 104 213 20 0 
RI::CORD 5126= lOS 214 20 0 
RECORD 5127= 106 215 20 0 
RlTORD 5128 .. 107 216 20 0 
IH.:CORD 5129• 108 217 20 0 
l<t:CORD 5130• 109 218 20 0 
P~ CORD 5131• 110 1 01 20 0 TOP LAYER POLY IMIDE 
l<t'~'OfW 5132• 111 102 20 c 
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RECORD S133= 112 103 20 0 
RECORD 5134= 113 104 20 0 
RECORD 5135= 114 105 20 I' 
RECORD 5136= 115 106 20 ll 
RECORD 5137= 116 107 20 0 
RECORD 5138= 117 108 20 ll 
RECORD 5139= 118 109 20 0 
RECOHD 5140= 119 110 20 0 
RECORD 5141= 120 111 20 0 
RECORD 5142= 121 112 20 0 
RECORD 514.:;= 122 113 20 0 
RECORD 5144= 123 114 20 0 
RECORD 5145= 124 115 20 0 
RECOf-D 5146= 125 116 20 0 
RECORD 5147= 126 117 20 0 
Rf::CORD 5148= 127 118 20 0 
RECORD 5149= 128 1601 20 0 BOTTOM PCB THERMAL PLANE COPPER 
RECORD 5150= 129 1602 20 0 
:1ECORD 5151= 130 1603 20 0 
RECORD 5152= 131 1604 20 0 
RECORD 5153= 132 1605 20 0 
Rf::CORD 5154= 133 1606 20 0 
RECOH[l 5155= 131 1607 20 0 
RECORD 5156= 135 1608 20 0 
RECORD 5157= 136 1609 20 0 
RSCORD 5158= 1 3 7 1610 20 0 
RECO:ID 5159= 138 1611 20 0 
hFCOHD 516U= 1 3 9 1612 20 0 
RECORD 5161= 140 1613 20 0 
RECORD 5162= 141 1614 20 0 
HECufW 5163= 142 1615 20 0 
RECORD 5164= 14 3 161G 20 0 
RECOHD 5165= 144 1617 20 0 
RECORD 5166= 145 1618 20 0 
RECORD 5167= 146 1501 20 0 5TH LAYER POLY IMIDE 
RECOHD 5168= 147 1502 20 0 
HECO!<C 5169= 148 1503 20 0 
f<l::CORD 5170= 149 1504 20 0 
f! ECCJfW 5171" 150 1505 20 0 
HECCJfW 5172= 151 150b 20 0 
nECORD 517 3 = 152 1507 20 0 
RE':CJiW ~ 1 74= 153 1508 20 0 
R i:COR IJ 5175= 154 1509 20 0 
FLCOFW 5176= 155 1510 20 0 
FifCC!JfW ':;177= 1 56 1511 20 0 
r'r--::urw 517fj~ 157 1512 20 0 
ht-:r'rJIW 5179= 158 1513 20 0 
rn::r:...:un ~.~ ':dHO= 159 1514 20 ' ~ 
'' ccurw 5 ltJl = 160 1515 20 0 
f< f·J:(_, p [J ') 1 tl2 = 161 1516 20 0 
Hf·.c_·:..:H8 s 1 8 ~ c 162 15i.7 20 0 
f·' L':'• Iii:) 51tl4~ 1 6 3 1518 20 0 
r, ~: r' ·r_) r.-, ~) 5ltl5= 164 1401 20 0 GROUND LAYER COPPER 
i' f.C:J!< IJ c, l 8 f, = 165 1402 20 0 
r< r •:..\Jf< u 5187= 166 ~403 20 0 
R LUJI< D 5188= 167 1404 20 0 
fd-_(Y)R D 5189,. 168 1405 20 0 
f<~.l\1!W 5190• 169 1406 20 0 
,.,,.,.ut<D ., 19:. 170 1407 20 0 
f' ~ ., If' r, Sl92• l 7 l 1408 20 0 
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RECORD 5193= 172 1409 20 0 
RECORD 5194= 173 1410 20 0 
RECORD 5195= 174 1411 20 0 
RECORD 5196= 175 1412 20 0 
RECORD 5197= 176 1413 20 0 
RECORD 5198= 177 1414 20 0 
RECORD 5199= 178 1415 20 0 
RECORD 5200= 179 1416 20 0 
RECORD 5201= 180 1417 20 0 
RECORD 5202= 181 1418 20 0 
RECORu 5203= 182 1301 20 0 3RD L~YE"R POT.YTMIDE 
RECORD 5204= 183 1302 20 0 
RECORD 5205= 184 1303 20 0 
RECORD 5206= 185 1304 20 0 
RECORD 5207= 186 1305 20 0 
RECORD 5208= 187 1306 20 0 
RECORD 5209= 188 1307 20 0 
RECORD 5210= 189 1308 20 0 
RECORD 5211= 190 1309 20 0 
RECORD 5212= 191 1310 20 0 
RECORD 5213= 192 1311 20 0 
RECORD 5214= 193 1312 20 0 
RECORD 5215= 194 1313 20 0 
RECORD 5216= 195 1314 20 0 
RECORD 5217= 196 1315 20 0 
RECORD 5218= 197 1316 20 0 
RECORD 5219= 198 1317 20 0 
RECORD 5220= 199 1318 20 0 
RECOPD 5221= 200 1201 20 0 SIGNAL LAYER COPPER 
R~CORD 5222= 201 1202 20 0 
HECORD 5223= 202 1203 20 0 
RECORD 5224= 203 1204 20 0 
RECORD 5225= 204 1205 20 0 
RECORD 5226= 205 1206 20 0 
RECORD 5227= 206 1207 20 0 
RECORD 5228= 207 1208 20 0 
RECORD 5229= 208 1209 20 0 
Ht:cmw 5230= 209 1210 20 0 
Ht:COIW 52 31 = 210 1211 20 0 
RECORD 5232= 211 1212 20 0 
RECORD 5233= 212 1213 20 0 
RECORD 5234= 213 1214 20 0 
RECOHD 5235= 214 1215 20 0 
RECORD 5236= 215 1216 20 0 
HECORD 5237= 216 1217 20 0 
RECORD 5230= 217 1218 20 0 
RECORD 5239= 218 1101 20 0 TOP LAYER POLYIMIDE 
RECORD 5240= 219 1102 20 0 
HECCJfW 5241= 220 1103 20 0 
kt:CORD 5242= 221 1104 20 0 
Ht:COHD 5243= 222 1105 20 0 
dECOHD 5244= 223 1106 20 0 
RECOHD 5245= 224 1107 20 0 
Rl::CORD 5246= 225 1108 20 0 
HlCORD 5247" 226 1109 20 0 
fUTURO ?248"' 21.7 1110 20 0 
RI::COHD 5249• 226 1111 20 0 
FH_CORD 52 SO• 229 1112 20 0 
kU'{)kO S2Sl• 230 111 J 20 0 
kH."'RD S2S2• 2Jl 1114 20 0 
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RECORD 5253= 232 1115 20 0 
RECORD 5254= 233 1116 20 0 
RECORD 5255= 234 1117 20 0 
RECORD 5256= 235 11ll:l 20 0 
,,,,,,, ______________ END OF USER NODES ----------
A~AAA~A~AAAAAA~AAAA END OF FLUID -----------------TOTAL THERMAL MASS ENCOUNTERED (W-MIN/C)= 1329.04 
TOTAL THERMAL MASS ENCOUNTERED (BTU /F)= 42.0002 
------------------- END OF FLUID -----------------NODE 1 (REL NODE 1 ) IS BEING ADDED TO THE CURRENT 
NODE 2 (REL NODE 2 ) IS BEING ADDED TO THE CURRENT 
NODE 3 (REL NODE 3 ) IS BEING ADDED TO THE CURRENT 
NODE 4 (REL NODE 4 ) IS BEING ADDED TO THE CURRENT 
NODE 5 (REL NODE 5 ) IS BEING ADDED TO THE CURRENT 
NODE 6 (REL NODE 6 ) IS BEING ADDED TO THE CURRENT 
NODE 7 (REL NODE 7 ) IS BEING ADDED TO THE CURRENT 
NODE 8 (REL NODE 8 ) IS BEING ADDED TO THE CURRENT 
NODE 9 (REL NODE 9 ) IS BEING ADDED TO THE CURRENT 
NODE 10 (REL NODE 10 ) IS BEING ADDED TO THE CURRENT 
NODE 11 (REL NODE 11 ) IS BEING ADDED TO THE CURRENT 
NODE 12 (REL NODE 12 ) IS BEING ADDED TO THE CURRENT 
NODE 13 (REL NODE 13 ) IS BEING ADDED TO THE CURRENT 
NODE 14 (REL NODE 14 ) IS BEING ADDED TO THE CURRENT 
NODE 15 (REL NODE 15 ) IS BEING ADDED TO THE CURRENT 
NODE 16 (REL NODE 16 ) IS BEING ADDED TO THE CURRENT 
NODE 17 (REL NODE 17 ) IS BEING ADDED TO THE CURRENT 
NODE 18 (REL NODE 18 ) IS BEING ADDED TO THE CURRENT 
NODE 19 (REL NODE 19 ) IS BEING ADDED TO THE CURRENT 
NODE 20 (REL NODE 20 ) IS BEING ADDED TO THE CURRENT 
NODE 21 (REL NODE 21 ) IS BEING ADDED TO THE CURRENT 
NODE 22 (REL NODE 22 ) IS BEING ADDED TO THE CURRENT 
NODE 23 (REL NODE 23 ) IS BEING ADDED TO THE CURRENT 
NODE 24 (REL NODE 24 ) IS BEING ADDED TO THE CURRENT 
NODE 25 (REL NODE 25 ) IS BEING ADDED TO THE CURRENT 
NUut; 26 (REL NODE 26 ) IS BEING ADDED TO THE CURRENT 
NUDE 27 (REL NODE 27 ) IS BEING ADDED TO THE CURRENT 
tlCJDE 28 (REL NODE 28 ) IS BEING ADDED TO THE CURRENT 
NODE 29 (REL NODE 29 ) IS BEING ADDED TO THE CURRENT 
NODE 30 (REL NODE 30 ) IS BEING ADDED TO THE CURRENT 
NODE 31 (REL NODE 31 ) IS BEING ADDED TO THE CURRENT 
NODE 32 (REL NODE 32 ) IS BEING ADDED TO THE CURRENT 
NODE 33 (REL NODE 33 ) IS BEING ADDED TO THE CURRENT 
NODE 34 (REL NODE 34 ) IS BEING ADDED TO THE CURRENT 
NODE 35 (REL NODE 35 ) IS BEING ADDED TO THE CURRENT 
NODF: 16 (REL NODE 36 ) IS BEING ADDED TO THE CURRENT 
NODE 37 (REL NODE 37 ) IS BEING ADDED TO THE CURRENT 
NODE 38 (REL NODE 38 ) IS BEING ADDED TO THE CURRENT 
NODC 39 (REL NODE 39 ) IS BEING ADDED TO THE CURRENT 
Nuut: 40 (REL NODE 40 ) IS BEING ADDED TO THE CURRENT 
N;J[JE 41 (REL NODE 41 ) .-IS BEING ADDED TO THE CURRENT 
NODE 42 (REL NODE 42 ) IS BEING ADDED TO THE CURRENT 
END OP RADIATION CONDUCTANCE & POWER PROCESSING 
!'lAS THERMAL ANALYSIS: 
CHECKOUT PHASE OF PC-ITAS THERMAL ANALYSIS 
TOTAL CARDS ENCOUNTERED: 1760 
TvfAL THERMAL MASSES USED IW-Mln/C)• 
T:TT"L THERMAL MASSES USED (BTU/f )• 
1366.04 
43.1695 
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LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
LIST 
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LIST 
LIST 
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================================================~====================;======;=== 
NO. OF THERMAL NODES= 277 
ITAS STEADY-STATE SOLUTION ALGORITHM (SUCCESSIVE POINT ITERATION) PARAMETERS: 
ARLXCA=O.lOOOOE-02, DRLXCA=O.lOOOOE-02 NLOOP= 9999 
******************************************************************************** 
ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2588 TOTAL INPUT ENERGY (W)= 0.16400 
SYSTEM ENERGY BALANCE (W)= -8.0523 ( 4909.9 %) 
******************************************************************************** 
T 1= 0.43 T 2= 0.80 T 3= 0.83 T 4= 0.83 
'I 5= 0.77 T 6= 0.12 T 7= 0.56 T 8= 0.44 
T 9= 0.44 T 10= 0.44 T 11= 0.44 T 12= 0.51 
T 13= 19.79 T 14= 19.59 T 15= 19.39 T 16= 19.33 
T 17= 18.55 T 18= 3.13 T 19= 2.51 T 20= l. 55 
T 21= 0.87 T 22= 0.97 T 23= l. 38 T 24= 1.03 
T 25= 0.97 T 26= 0.75 T 27= 19.60 T 28= 19.24 
T 29= 19.25 T 30= 19.27 T 31= 0.88 T 32= 0.86 
T 33= 0.97 T 34= l. 30 T 35= 18.46 T 36= 18.33 
T 37 = 18.87 T 38= 19.28 T 39= 0.88 T 40= 0.86 
T 41= 0.96 T 42= l. 26 T 901= 0.43 T 902= 0.80 
T 903= 0.83 T 904= 0.83 T 905= 0.77 T 906= 0.12 
T 907= 0.56 T 908= 0.44 T 909= 0.44 T 910= 0.44 
T 911= 0.44 T 912= 0.51 T 913= 0.00 T 921= 0.50 
T 922= 0.47 T 923= 0.36 T 924= 0.50 T 925= 0.46 
T '126= 0. 36 T 601= l. 38 T 602= 1.03 T 603= 0.97 
T 604= 0.75 T 605= 19.60 T 606= 19.24 T 607= 19.25 
T 608= 19.26 T 609= 19.79 T 610= 19.59 T 611= 19.39 
T 612= 19.33 T 613= 18.55 T 614= 3.13 T 615= 2.51 
T 616= l. 54 T 617= 0.87 T 618= 0.97 T 501= 4.19 
T 502= 3.89 T 503= 3.62 T 504= 3.19 T 505= 15.90 
1' 506= 15.62 T 507= 15.37 T 508= 14.53 T 509= 15.54 
T 510= 15.32 T 511= 15.20 T 512= 15.29 T 513= 14.24 
r 514= 5.94 T 515= 5.68 T 516= 5.08 T 517= 4.29 
T 518= 4.44 T 401= 6.91 T 402= 6.69 T 403= 6.21 
T 404= 5.58 T 405= 12.30 T 406= 12.05 T 407= 11.54 
T 408= 9.94 'I' 409= 11.44 T 410= 11.26 'f' 411= 11.16 
T 412= 11.34 T 413= 10.08 T 414= 8.62 T 415= 8.66 
T 416= 8.47 T 417= 7.62 T 418= 7.77 T 301= 6. 31 
T 302= 6.10 T 303= 5.67 T 304= 4.99 T 305= 12.30 
T 306= 12.06 T 307= 11.54 T 308= 9.94 T 309= 11.44 
T 310= 11.26 T 311= 11.17 T 312= 11. 34 T 313= 10.08 
T 314= 7.52 T 315= 7.50 T 316= 7.42 T 317= 6.66 
T 318= 6.78 T 201= 5.70 T 202= 5.51 T 203= 5.13 
T 204= 4.39 T 205= 12.30 T 206= 12.06 T 207= 11.54 
T 208= 9.94 T 209= 11.44 T 210= 11.26 T 211= 11. 17 
T 212= 11. 34 T 213= 10.07 T 214= 6.42 T 215= 6. 34 
T 216= 6.36 T 217= 5.70 T 218= 5.79 T 101= 5.10 
T 102= 4.93 T 103= 4.59 T 104= 3.80 T 105= 12. 30 
T 106= 12.06 T 107= 11.54 T 108= 9.94 T 109= ll. 44 
T 1 1 0= 11.26 T 111= 11.17 T 112= 11.34 T 113= 10.07 
T 114= 5.32 T 115= 5.95 T 116= 5.31 T 117 = 4. 74 
T 11 B = 4.80 T 1601= 0.88 T 1602= 0.86 T 1603= 0.97 
T 1604= l. 30 T 1605= 18.46 T 1606= 18.33 T 1607= 18.87 
T 1608= 19.28 T 1609= 0.88 T 1610= 0.86 T 1611= 0.96 
T 1612= 1. 26 T 1613• 20.00 T 1614= 20.00 T 1615" 20.00 
T 1616• 20.00 T 1617• 20.00 T 1618= 20.00 T 1501• l. 90 
T 1502• l. 90 T 1503• 2.00 T 1504• 2.22 T 1505• 11. a 3 
T 1506• 11 . 7 9 T 1507• 12. 10 T 1508• 12.28 T 1509• 1 . 97 
T 1510• 1. 97 T 1511• 2.07 T 1512• 2.27 T 151 ) • 10.00 
• 
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T 1514= 20.00 T 1515= 20.00 T 1516= 20.00 T 1517= 20.00 
T 1518= 20.00 T 1401= 2.89 T 1402= 2.91 T 1403= 3.00 
T 1404= 3.08 T 1405= 5.39 T 1406= 5.41 T 1407= 5.55 
T 1408= 5.63 T 1409= 3.03 T 141v= 3.05 T 1411=- 3.14 
T 1412= 3.22 T 1413= 20.00 T 1414= 20.00 T 1415= 20.00 
T 1416= 20.00 T 1417= 20.00 T 1418= 20.00 T 1301= 2. 72 
T 1302= 2.74 T 1303= 2.82 T 1304= 2.90 T 1305= 5.39 
T 1306= 5.41 T 1307= 5.55 T 1308= 5.63 T 1309= 2.83 
T 1310= 2.85 T 1311= 2.94 T 1312= 3.02 T 1313= 20.00 
T 1 314 = 20.00 T 1315= 20.00 T 1316= 20.00 T 1317= 20.00 
T 1318= 20.00 T 1201= 2.54 T 1202= 2.56 T 1203= 2.64 
T 1204= 2. 72 T 1205= 5.39 T 1206= 5.41 T 1207= 5.55 
T 1208= 5.63 T 1209= 2.64 T 1210= 2.66 T 1211= 2.74 
T 1212= 2.82 T 1213= 20.00 T 1214= 20.00 T 1215= 20.00 
T 1216= 20.00 T 1217= 20.00 T 1218= 20.00 T 1101= 2.37 
1' 1102= 2.38 T 1103= 2.46 T 1104= 2.54 T 1105= 5.39 
T 11 06= 5.41 T 1107= 5.55 T 1108= 5.63 T 1109= 2.44 
T 1110= 2.46 'f 1111= 2.54 T 1112= 2.62 T 1113= 20.00 
T 1114= 20.00 T 1115= 20.00 T 1116= 20.00 T 1117= 20.00 
T 1118= 20.00 T 
ASCENDING NODE NUMBER : TEMPERATURE 
******************************************************************************** 
ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2588 TOTAL INPUT ENERGY (W)= 0.16400 
SYSTEM ENERGY BALANCE (W)= -8.0523 ( 4909.9 't) 
******************************************************************************** 
T 1= 0.433 T 2= 0.796 T 3= 0.832 T 4= 0.832 
T 5= 0.770 T 6= 0.124 T 7= 0.563 T 8= 0.438 
T 9= 0.437 T 10= 0.437 T 11= 0.438 T 12= o.5o8 
T 1 3= 19.791 T 14= 19.587 T 15= 19.386 T 16= 19.329 
T 17= 18.549 T 18= 3.130 T 19= 2.511 T 20= 1.545 
T 21= 0.869 T 22= 0.968 T 23= 1.381 T 24= 1.030 
T 25= 0.969 T 26= 0.754 T 27= 19.596 T 28= 19.236 
T 29= 19.254 T 30= 19.265 T 31= 0.876 T 32= 0.858 
T 33= 0.966 T 34= 1. 298 T 35= 18.463 T 36= 18.326 
T 37= 18.872 T 38= 19.277 T 39= 0.885 T 40= 0.858 
T 41= 0.958 T 42= 1.260 T 101= 5.103 T 102= 4.925 
T 103= 4.595 T 104= 3.798 T 105= 12.301 T 106= 12.056 
T 107-= 11.542 T 108= 9.940 T 109= 11.4 37 T 110= 11.260 
T 111= 11.166 T 112= 11.344 T 113= 10.075 T 114= 5.318 
T 115= 5.949 T 116= 5. 314 T 117= 4.742 T 118= 4.804 
T 201= 5.705 T 202= 5.513 'I' 203= 5.134 T 204= 4.393 
T 205= 12.301 T 206= 12.056 T 207= 11.542 T 208= 9.940 
T 209= 11.437 T 210= 11.260 T 211= 11.166 T 212= 11. 344 
T 213= 10.075 T 214= 6.419 T 215= 6.337 T 216= 6.365 
T 217= 5.700 T 218= 5.795 '!' 301= 6.307 T 302= 6.100 
T 303= 5.674 T 304= 4.989 T 305= 12.301 T 306= 12.055 
T 307= 11.542 T 308= 9.939 T 309= 11.4 38 T 310= 11.260 
T 311 = 11.165 T 312= 11. 344 T 313= 10.075 T 314= 7.521 
T 315= 7.501 T 316= 7.415 T 317= 6.658 T 318= 6.785 
T 401= 6.908 T 402= 6.687 T 403= 6.213 T 404= 5.584 
T 405= 12.301 T 406= 12.055 T 407= 11.542 T 408= 9.939 
T 409= 11.438 "' 410= 11.260 . T 411= 11.165 T 412= 11.344 
T 4 1 3 = 10.075 T 414= 8.622 T 415= 8.664 T 416= 8.465 
T 417• 7.615 T 418= 7.775 T 501= 4.190 T 502= 3.888 
T 50) .. 3.620 T 504• 3.195 T 505• 15.904 T 506c 15.618 
T 507• 15. 370 T SOB• 14.526 T 509• 15.540 T 510• 15.318 
r 51 1. 15.195 T 512• 15.285 T 513• 14.240 T 514• 5.9)9 
T 515• 5. 684 T 516• 5.080 T 517• 4.288 T Slf!• 4 .Ul 
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T 601= 1.381 T 602= 1.030 T 603= 0.969 T 604= 0.754 
T 605= 19.596 T 606= 19.235 T 607= 19.254 T 608= 19.265 
T 609= 19.791 T 610= 19.587 T 611= 19.386 T 612; 19.328 
T 613= 18.549 T 614= 3.129 T 615= 2.510 T 616= 1. 545 
T 617= 0.868 T 618= 0.968 T 901; 0.432 T 902= 0.796 
T 903= 0.832 T 904= 0.831 T 905= 0.769 T 906= 0.124 
T 907= 0.562 T 908= 0.438 T 909= 0.437 T 910= 0. 4 37 
T 911= 0.437 T 912= 0.508 T 913= 0.000 T 921; 0.501 
T 922= 0.474 T 923= 0.362 T 924; 0.501 T 925= 0.460 
T 926= 0.362 T 1101= 2.367 T 1102= 2.385 T 1103= 2.463 
T 1104= 2.544 T 1105= 5.390 T 1106= 5.409 T 1107= 5.550 
T 1108= 5.629 T 1109= 2.444 T 1110= 2.462 T 1111= 2.539 
'I' 1112= 2.620 T 1113= 20.000 T 1114= 20.000 T 1115= 20.000 
T 1116= 20.000 T 1117= 20.000 T 1118= 20.000 T 1201= 2.542 
T 1202= 2.561 T 1203= 2.644 T 1204= 2. 724 T 1205= 5.390 
'[' 1206= 5.409 T 1207= 5.550 T 1208= 5.629 T 1209= 2.638 
T 1210= 2.657 T 1211= 2.740 T 1212= 2.820 T 1213= 20.000 
'I' 1214= 20.000 T 1215= 20.000 T 1216= 20.000 T 1217= 20.000 
T 1218= 20.000 T 1301= 2.716 T 1302= 2.736 T 1303= 2.824 
T 1304= 2.904 T 1305= 5.390 T 1306= 5.409 T 1307= 5.549 
'[' 1308= 5.629 T 1309= 2.832 T 1310= 2.853 T 1311= 2.940 
T 1312= 3.020 T 1313= 20.000 T 1314= 20.000 T 1315= 20.000 
T 1316= 20.000 T 1317= 20.000 T 1318; 20.000 T 1401= 2.890 
T 1402= 2.912 T 1403= 3.004 T 1404; 3.083 T 1405; 5.389 
T 1406= 5.410 T 1407= 5.549 T 1408; 5.628 T 1409; 3.025 
T 1410= 3.048 T 1411= 3.140 T 1412= 3.220 T 1413= 20.000 
1' 1414= 20.000 T 1415= 20.000 T 1416= 20.000 T 1417= 20.000 
T l"'l ~ 9-= 20.000 T 1501= 1. 900 T 1502= 1. 900 T 1503= 2.004 
'[' 1504= 2.221 T 1505= 11.831 T 1506= 11.788 T 1507= 12.104 
T 1508= 12.278 T 1509= 1. 97 3 T 1510= 1. 969 T 1511= 2.070 
T 1512= 2.272 T 1513= 20.000 T 1514= 20.000 T 1515= 20.000 
T 1516= 20.000 T 1517= 20.000 T 1518; 20.000 T 1601= 0.875 
T 1602= 0.858 T 1603= 0.965 T 1604; 1. 298 T 1605; 18.463 
T 1606= 18.325 T 1607= 18.871 T 1608= 19.277 T 1609= 0.884 
1' 1610= 0.858 T 1611= 0.958 T 1612; 1.260 T 1613= 20.000 
T 1614= 20.000 T 1615= 20.000 T 1616= 20.000 T 1617= 20.000 
T 1618= 20.000 T 
ASCENDING NODE NUMBER : IMPRESSED Q 
Q 1= 0.000 Q 2= o.ooo Q 3= o.ooo Q 4= o.ooo 
Q 5= 0.000 Q 6= o.ooo Q 7= o.ooo Q 8= o.ooo 
Q 9= 0.000 Q 10= o.ooo Q 11; 0.000 Q 12= o.ooo 
Q 1 J= 0.000 Q 14= 0.000 Q 15= o.ooo Q 16= 0.000 
Q 17= 0.000 Q 1b= 0.000 Q 19= o.ooo Q 20= o.ooo 
Q 21= 0.000 Q 22= o.ooo Q 23= 0.000 Q 24= o.ooo 
Q 25= 0.000 Q 26= o.ooo Q 27= 0.000 Q 28= o.ooo 
Q 29= 0.000 Q 30= o.ooo Q 31= 0.000 Q 32= o.ooo 
Q 33= 0.000 Q 34= 0.000 Q 35= o.ooo Q 36= o.ooo 
Q 3 7 = 0.000 Q 38= o.ooo Q 39= o.ooo Q 40= o.ooo 
Q 41= 0.000 Q 42= o.ooo Q 101= o.ooo Q 102= o.ooo 
Q 103= 0.000 Q 104= 0.000 Q 105= o.ooo Q 106= o.ooo 
0 107= 0.000 Q 108= 0.000 Q 109= 0.000 Q 110= o.ooo 
Q 1 11 = 0.000 Q 112= 0.000 Q 113= o.ooo Q 114= o.ooo 
0 11 5 = 0.000 Q 116= o.ooo Q 117= 0.000 Q 118= o.ooo 
(.I 201= 0.000 Q 202= 0.000 Q 203= o.ooo 
,.., 204= o.ooo 
" 
C..:l 205= 0.000 Q 206= 0.000 Q 207= 0.000 Q 208= o.ooo 
(1 209= 0.000 Q 210= 0.000 Q 211= o.ooo Q 212= o.ooo 
',I 2 l l• 0.000 Q 214• 0.000 0 215" o.ooo 0 216" o.ooo 
t;.' 217• 0.000 Q 218• 0.000 Q 301• o.ooo Q 302• o.ooo 
1.' JO 1 • 0.000 Q 304• 0.000 0 305• o.ooo 0 306• o.ooo 
'•' 
}U7• 0.000 0 )08• 0.000 Q )09• o.ooo Q llO• o.ooo 
8 I 
Q 311= 0.000 Q 312= 0.000 Q 313= 0.000 Q 314= 0.000 
Q 315= 0.000 Q 316= 0.000 Q 317= 0.000 Q 318= 0.000 
Q 401= 0.003 Q 402= 0.004 Q 403= 0.001 Q 404= 0.001 
Q 405= 0.000 Q 406= 0.000 Q 407= 0.000 Q, 408= 0.000 
Q 409= o.ooo Q 410= 0.000 Q 411= 0.000 0• 412= 0.000 
Q 413= 0.000 Q 414= 0.000 Q 415= 0.000 Q 416= 0.000 
Q 417= 0.000 Q 418= 0.000 Q 501= 0.000 Q 502= 0.000 
Q 503= 0.000 Q 504= 0.000 Q 505= 0.000 Q 506= 0.000 
Q 507= o.ooo Q 508= 0.000 Q 509= 0.000 Q 510= 0.000 
Q 511= 0.000 Q 512= 0.000 Q 513= 0.000 Q 514= 0.000 
Q 515= 0.000 Q 516= 0.000 Q 517= 0.000 Q 518= 0.000 
Q 601= 0.058 Q 602= 0.070 Q 603= 0.026 Q 604= 0.001 
Q 605= 0.000 Q 606= 0.000 Q 607= 0.000 Q 608= 0.000 
Q 609= o.ooo Q 610= 0.000 Q 611= o.ooo Q 612= 0.000 
Q 613= 0.000 Q 614= 0.000 Q 615= 0.000 Q 616= 0.000 
Q 617= 0.000 Q 618= 0.000 Q 901= 0.000 Q 902= 0.000 
Q 903= o.ooo Q 904= 0.000 Q 905= 0.000 Q 906= 0.000 
Q 907= 0.000 Q 908= 0.000 Q 909= 0.000 Q 910= 0.000 
Q 911= 0.000 Q 912= 0.000 Q 913= 0.000 Q 921= 0.000 
Q 922= 0.000 Q 923= 0.000 Q 924= 0.000 Q 925= 0.000 
Q 926= 0.000 Q 1101= 0.000 Q 1102= 0.000 Q 1103= 0.000 
Q 11 04= o.ooo Q 1105= 0.000 Q 1106= 0.000 Q 1107= 0.000 
Q 1108= 0.000 Q 1109= 0.000 Q 1110= o.ooo Q 1111= 0.000 
Q 1112= 0.000 Q 1113= 0.000 Q 1114= 0.000 Q 1115= 0.000 
Q 1116= 0.000 Q 1117= 0.000 Q 1118= 0.000 Q 1201= 0.000 
Q 1202= 0.000 Q 1203= 0.000 Q 1204= 0.000 Q 1205= 0.000 
Q 1206= 0.000 Q 1207= 0.000 Q 1208= 0.000 Q 1209= 0.000 
Q 1210= 0.000 Q 1211= 0.000 Q 1212= 0.000 Q 1213= 0.000 
Q 1214= 0.000 Q 1215= 0.000 Q 1216= 0.000 Q 1217= 0.000 
Q 1218= 0.000 Q 1301= 0.000 Q 1302= 0.000 Q 1303= 0.000 
Q 1304= 0.000 Q 1305= 0.000 Q 1306= 0.000 Q 1307= 0.000 
Q 1308= 0.000 Q 1309= 0.000 Q 1310= 0.000 Q 1311= 0.000 
Q 1312= 0.000 Q 1313= 0.000 Q 1314= 0.000 Q 1315= 0.000 
Q 1316= 0.000 Q 1317= 0.000 Q 1318= o.ooo Q 1401= n ooo 
Q 1402= 0.000 Q 1403= 0.000 Q 1404= 0.000 Q 1405= o.ooc 
Q 1406= 0.000 Q 1407= 0.000 Q 1408= 0.000 Q 1409= 0.000 
Q 1410= 0.000 Q 1411= 0.000 Q 1412= 0.000 Q 1413= 0.000 
Q 1414" 0.000 Q 1415= 0.000 Q 1416= 0.000 Q 1417= 0.000 
Q 1418= 0.000 Q 1501= 0.000 Q 1502= 0.000 Q 1503= 0.000 
Q 1504" 0.000 Q 1505= 0.000 Q 1506= 0.000 Q 1507= 0.000 
Q 1508= 0.000 Q 1509= 0.000 Q 1510= 0.000 Q 1511= 0.000 
Q 1512= 0.000 Q 1513= 0.000 Q 1514= 0.000 Q 1515= 0.000 
Q 1516= 0.000 Q 1517= o.ooo Q 1518= 0.000 Q 1601= 0.000 
Q 1602= 0.000 Q 1603= 0.000 Q 1604= 0.000 Q 1605= 0.000 
Q 1606= 0.000 '} 1607= 0.000 Q 1608= 0.000 Q 1609= 0.000 
Q 1610" 0.000 Q 1611= 0.000 Q 161~= 0.000 Q 1613= 0.000 
Q 1614= 0.000 Q 1615= 0.000 Q 1616= 0.000 Q 1617= 0.000 
Q 1618= 0.000 Q 
************************************* 
THERMAL CALC CPU TIME (second) 98.8100 
************************************* 
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APPENDIX I ITAS OUTPUT FOR HOT-CASE 
A**AA***********************************************************************A*** 
Dctte: 05/20/94 Time : 1 5 : 0 4 : 2'1 . 1 0 
*A*************************************************************************AAA*A 
==~==~=================;=======================================================~ 
Thermal Analysis Parameters 
~=======================================================~===================~=== 
!. SoLutton Method:l.Steady-State 2.Transient 3. (1&2) ...... . 
~. Solution Time Step ........ (minutes) ..................... . 
J. Final 1'ime (minutes);if <O then no of orbs ............... . 
~. St~rting Temperature ...... (Kelvin ) ..................... . 
'j. Tcmperuture Print Interval (minutes) ..................... . 
L. No. of Iterations For Convergence (NLOOP) ................ . 
·1. Temperature Unit l:K, 2:C, 3:F, 4:R ...................... . 
!! . Solution Accuracy Parameter (not used) ................... . 
~- Solution Convergence Parameter (not used) ................ . 
10. Solution Tolerance (ARLXCA, DRLXCA) ...................... . 
1 l. 'l'ronsient Solution Stability Factor (not used) ........... . 
1~ Include user-Defined Network ....... (YIN) ................. . 
13. Print RADK, POWER .................. (Y/N) ................. . 
H. Print Transient Time/Temperature ... (YIN) ................. . 
15. starting Temperatures Forced (No.4)(Y/NJ ................. . 
H. Thermal Analyses Without Orbital Loads ( Y/N) ............ .. 
1·1. Sland-Alone Thermal Analyzer ( ITAS-Format Models) ........ . 
lU. No. of Isolated Cavities (RADK files) .................... . 
1 
0. 10 
-1.00 
300.00 
20 
9999 
2 
130 
l . :10 
0.00100 
0.850 
y 
N 
N 
N 
y 
N 
0 
~~=============================================================~-===========~=~= 
l\l\l\/\l\!\l\l\1\l\1\l\!\l\l\/\l\/\l\!\1\l\l\/\l\1\l\l\1\l\1\l\1\l\l\!\l\l\1\!\ 
*ITAS TliERMAL ANALYSIS* 
l\l\l\l\l\!\l\l\1\l\/\l\!\l\l\l\1\l\l\/\l\/\/\/\l\/\/\l\/\l\l\l\1\l\1\/\1\l\1\l\ 
*'*'************************************************************************•••• 
Dille: 05/20/94 Tirne: 15:04:2t1.10 
AAA*AA*A******************************************************************kAAAA• 
=~===~~==================================================================:====== 
View Factor Computation Parameters 
==:-==~===~====================================================================== 
1. v 1ew Factor Accuracy Parameter ............................. 2 
~- P.rl<Jinecring Units of the Geometry Data: 
J: inch, 2:feet, ]:centimeter, 4:meter ...................... 1 
1. View Pactor Computation Without Dlockage (YIN) ............. N 
·I. l'r i nt. Control Parameters: 
O:Oo Not Print; !:Print All; 2:Print All & Intervener List.O 
S. View-Factor Re-Start File ................................. . 
~====~==========================================~==========================~=.=~~ 
l\l\l\/\l\!\l\l\1\l\l\l\!\l\l\!\/\/\1\/\1\/\1\1\/\1\/\l\1\l\/\l\l\l\l\/\/\1\l\/\ 
*f'I'AS VTf·:W FACTOH COMP~'I'A'I'lONS* 
l\1\l\!\l\1\/\l\1\/\/\l\/\l\/\/\1\l\l\/\l\l\1\l\/\1\/\l\1\1\/\l\/\1\l\/\/\/\l\1\ 
INPUT IS IN INCHES 
(Jl!'l'l'l!T 1 S 1 N CENTIMETERS 
TUTIIL SUHFACES IN THIS MODEL= 42 
UNITY MINUS TilE SUM OF TilE FIICTOHS 
(VIEW FACTOR -to- SPACE) 
1.-F/\CT n:v 
.. i. 
1. 01 0.3965 ( 3) 
1.02 0.3648 ( 25) 
1.03 0.3930 ( ?6) 
1. 04 0.3858 ( 27) 
1. 05 0.3524 ( 28) 
1. 06 0.8752 ( 1) 
1. 07 0. 3811 ( 4) 
1. 08 0.3527 ( 29) 
l. 09 0.3855 ( 30) 
1.10 0.3854 ( 31) 
1.11 1).3524 ( 32) 
1.12 -0.0024 ( 2) 
2.01 0.6859 ( 42) 
2.02 0.8949 ( 40) 
2.03 0.9450 ( 37) 
2.04 0.9497 ( 33) 
2.05 0.8709 ( 20) 
2.06 0.5751 ( 41) 
2.07 0.7484 ( 39) 
2.08 0.7874 ( 36) 
2.09 0.7810 ( 22) 
2.10 0.7203 ( 18) 
3.01 0.7066 ( 23) 
3.02 0.8437 ( 16) 
3.03 0.8486 ( 15) 
3.04 0.7683 ( 12) 
3.05 0.7970 ( 21) 
3.06 0.9587 ( 14) 
3.07 0.9678 ( 13) 
3.08 0.8683 ( 10) 
4.01 -0.0193 ( 8) 
4.02 -0.0115 ( 6) 
4.03 -0.0117 ( 11) 
4.04 -0.0154 ( 19) 
4.05 -0.0348 ( 34) 
4.06 -0.0001 ( 24) 
4.07 -0.0003 ( 35) 
4.08 0.0000 ( 38) 
4.09 -0.0171 ( 7) 
4.10 -o. o116 ( 5) 
4.11 -0.0118 ( 9) 
4.12 -0.0112 ( 17) 
ACTIVE SURFACES IN OUTPUT- 42 
************************************* 
VIEW FACTOR CALC CPU TIME (second) = 33.4500 
************************************* 
** END OF PC-ITAS VIEW FACTOR CALCULATIONS ** 
l\1\l\l\l\l\/\/\1\1\/\/\l\/\1\l\1\/\/\l\l\/\l\l\1\/\l\l\1\/\1\l\/\l\!\l\/\/\l\1\ 
\l\l\/\l\l\/\l\l\1\/\/\l\l\/\l\/\l\/\l\l\/\/\/\l\1\l\l\l\/\/\l\1\/\l\/\l\!\/\l\1 
******************************************************************************** 
Date: 05/20/94 Time: 15:04:58.10 
******************************************************************************** 
:::::c============••••~c========================~=============================== 
Script-F Control Parameters 
================================================~=============================== 
l. SPACE (SINK) Node Number... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 
2. Cutoff Limit For Area*Script-F (Sq.cm.) .................... O.SOOOE+OO 
J. Cutoff Limit For Blackbody Viewfactors..................... 0.0000 
4. SPACE (SINK) Node Em1ss1v1ty. ... . .. . ....................... 0.9999 
S SPACE (SIN~) Node Temperature (Kelvin)..................... 0.0000 
84 
, ' 
6. SINDA-format RADK file to be generated (YIN) .............. . 
7. SINDA Radiation Conductor Number At Start ................. . 
B. Print control: O:No,do not print, 1:Yes, print all ........ . 
N 
100000 
0 
9. File name to store RADKs ................................... EPS.RAD 
========;==========;==========================================;================= 
================================================================================ 
Seq surface No Node No Alpha Em iss T/Mass Dissip Matr ID 
================================================================================ 
1 1.01 1 0.40 0.80 1.00 0.00 0 
2 1.02 2 0.40 0.80 1.00 0.00 0 
3 1.03 3 0.40 0.80 1.00 0.00 0 
4 1.04 4 0.40 0.80 1.00 0.00 0 
5 1.05 5 0.40 0.80 1.00 0.00 0 
6 1.06 6 0.40 0.80 1.00 0.00 0 
7 1.07 7 0.40 0.80 1.00 0.00 0 
8 1.08 8 0.40 0.80 1.00 0.00 0 
9 1.09 9 0.40 0.80 1.00 0.00 0 
10 1.10 10 0.40 0.80 1.00 0.00 0 
11 1.11 11 0.40 0.80 1.00 0.00 0 
12 1.12 12 0.40 0.80 1.00 0.00 0 
13 2.01 13 0.00 0.01 1.00 0.00 0 
14 2.02 14 0.00 0.01 1.00 0.00 0 
15 2.03 15 0.00 0.01 1.00 0.00 0 
16 2.04 16 0.00 0.01 1.00 0.00 0 
17 2.05 17 0.00 0.01 1.00 0.00 0 
18 2.06 18 0.00 0.01 1.00 0.00 0 
19 2.07 19 0.00 0.01 1.00 0.00 0 
20 2.08 20 0.00 0.01 1.00 0.00 0 
21 2.09 21 0.00 0.01 1.00 0.00 0 
22 2.10 22 o.oo 0.01 1.00 0.00 0 
23 3.01 23 0.00 0.01 1.00 0.00 0 
24 3.02 24 0.00 0.01 1.00 0.00 0 
25 3.03 25 0.00 0.01 1.00 0.00 0 
26 3.04 26 o.oo 0.01 1.00 0.00 0 
27 3.05 27 0.00 0.01 1.00 0.00 0 
28 3.06 28 0.00 0.01 1.00 0.00 0 
29 3.07 29 0.00 0.01 1.00 0.00 0 
JO 3.08 30 0.00 0.01 1.00 0.00 0 
31 4.01 31 0.00 0.01 1.00 0.00 0 
32 4.02 32 0.00 0.01 1.00 0.00 0 
33 4.03 33 o.oo 0.01 1.00 0.00 0 
34 4.04 34 0.00 0.01 1.00 0.00 0 
35 4.05 35 0.00 0.01 1.00 0.00 0 
36 4.06 36 0.00 0.01 1.00 0.00 0 
37 4.07 37 0.00 0.01 1.00 0.00 0 
38 4.08 38 0.00 0.01 1.00 0.00 0 
39 4.09 39 0.00 0.01 1.00 0.00 0 
40 4.10 40 0.00 0.01 1.00 0.00 0 
41 4.11 41 0.00 0.01 1.00 0.00 0 
42 4.12 42 0.00 0.01 1.00 0.00 0 
/\l\l\l\1\/\l\/\l\l\1\l\l\l\1\l\1\l\1\l\1\/\l\1\l\l\/\l\l\l\l\l\/\l\l\l\l\1\/\l\ 
*ITAS SCRIPT-F (RADK) COMPUTATIONS* 
!\l\l\l\l\/\l\/\l\l\/\l\1\l\l\l\/\l\/\/\l\/\1\/\/\l\/\l\l\l\l\l\l\1\1\1\l\l\l\1\ 
PC-ITAS SCRIPT-F CALCULATION SEGMENT: 
Wr1t1ng ITAS-format RADK for future use 
Nodel, Temp., TherHass, Power 
1 10.00 1.00 0.00 EPS HOUSING 
2 10.00 1.00 0.00 EPS HOUSING 
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3 10.00 1.00 0.00 EPS HOUSING 
4 10.00 1.00 o.oo EPS HOUSING 
5 10.00 1.00 0.00 EPS HOUSING 
6 10.00 1. 00 0.00 EPS HOUSING 
7 10.00 1. 00 o.oo EPS HOUSING 
8 10.00 1.00 o.oo EPS HOUSING 
9 10.00 1. 00 0.00 EPS HOUSING 
10 10.00 1.00 0.00 EPS HOUSING 
11 10.00 1.00 0.00 EPS HOUSING 
12 10.00 1.00 0.00 EPS HOUSlNG 
13 10.00 1.00 0.00 PCB 1-1 
14 10.00 1.00 0.00 PCB 1-1 
15 10.00 1.00 0.00 PCB 1-1 
16 10.00 1.00 o.oo PCB 1-1 
17 10.00 1. 00 0.00 PCB 1-1 
18 10.00 1.00 0.00 PCB 1-1 
19 10.00 1. 00 0.00 PCB 1-1 
2C 10.00 1. 00 0.00 PCB 1-1 
21 10.00 l. 00 0.00 PCB 1-1 
22 10.00 l. 00 0.00 PCB 1-1 
23 10.00 1. 00 o.oo PCB 1-2 
24 10.00 l. 00 0.00 PCB 1-2 
25 10.00 l. 00 0.00 PCB 1-2 
26 10.00 1. 00 0.00 PCB l-2 
27 10.00 l. 00 0.00 PCB 1-2 
28 10.00 l. 00 0.00 PCB 1-2 
29 10.00 1. 00 o.oo PCB 1-2 
30 10.00 l. 00 0.00 PCB 1-2 
3l 10.00 l. 00 0.00 PCB 2 (BOTTOM) 
32 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
33 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
34 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
35 10.00 l. 00 o.oo PCB 2 I BOTTOM) 
36 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
37 10.00 1.00 o.oo PCB 2 (BOTTOM) 
38 10.00 1.00 0.00 PCB 2 (BOTTOM) 
39 10.00 l. 00 0.00 PCB 2 (BOTTOM) 
40 10.00 1. 00 o.oo PCB 2 (BOTTOM) 
4l 10.00 1.00 0.00 PCB 2 (BOTTOM) 
42 10.00 1. 00 0.00 PCB 2 (BOTTOM) 
RAD 00 0.1295000000E+01 1 4 
RAD 00 0.3~08000000E+01 1 5 
RAD 00 0.1231900000E+02 1 6 
RAD 00 0 .1441000000E+Ol 1 7 
HAD 00 O.ll66000000E+01 1 10 
RAD 00 0.3754000000E+01 1 11 
RAD 00 0.9037000000E+01 1 12 
HAD uo O.SSOOOOOOOOE+OO 2 3 
RAD 00 0.3313000000E+01 2 6 
HAD 00 0.334200000uE+01 2 7 
HAD 00 0. 26 34000000E+01 2 12 
RAD DO 0.9950000000E+OO 3 4 
RAD 00 0.3602000000E+01 3 6 
RAD 00 0.9060000000E+00 3 7 
HAD 00 0.2767000000E+01 3 12 
RAD 00 0.7580000000E+00 4 5 
RAD 00 0.3602000000E+Ol 4 6 
kAD 00 0.2770000000E+Ol 4 12 
I< AD 00 0. 3 Jl4000000E+Ol 5 6 
kAD 00 0.2622000000E+Ol 5 12 
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RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
RAD 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
0.1230000000E+02 
0. 3 314000000E+01 
0.3600000000E+01 
0.3601000000E+01 
0. 3314000000E+01 
0.1643000000E+01 
0.3619000000E+01 
0.1020000000E+01 
0.9591000000E+01 
0.7800000000E+00 
0.2629000000E+01 
0.7910000000E+OO 
0.2762000000E+01 
0.2766000000E+01 
0.2615000000E+01 
0.5660000000E+00 
0. 5110000000E+00 
0. 6110000000E+00 
6 
6 
6 
6 
6 
6 
7 
7 
7 
8 
8 
9 
9 
10 
11 
12 
12 
12 
7 
8 
9 
10 
11 
12 
8 
9 
12 
9 
12 
10 
12 
12 
12 
32 
39 
40 
•oF RADIATION CONDUCTANCES GENERATED= 38 
************************************* 
SCRIPT-F CALC CPU TIME (second) 2.64000 
************************************* 
ITAS THERMAL ANALYZER: 
vvvvvvvvvvvvvvvvvvvv ADDING USER NODES vvvvvvvvvvv 
IPTR N= 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
RECORD 
5022 
5022= 
5023= 
5024= 
5025= 
5026= 
5027= 
5028= 
5029= 
5030= 
5031= 
5032= 
5033= 
5034= 
5035= 
5036= 
5037= 
5038= 
5039= 
5040= 
5C41= 
5042= 
5043= 
5044= 
5045= 
5046= 
5047= 
5048= 
5049= 
5050= 
5051• 
5052• 
505)• 
5054• 
5055• 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Jl 
32 
]) 
34 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
-913 
921 
922 
923 
924 
925 
926 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
61) 
614 
615 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
40 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.037 
.0475 
.01995 
. 01 
.011 
.060 
.1)11 
0 
0 
.008 
.008 
.011 
0 
0 
.009 
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EPS HOUSING WALLS +X 
+'i 
+'i 
+Y 
+Y 
+Z 
-X 
-Y 
-Y 
-Y 
-Y 
-z 
BOUNDARY NODE TO 906 
HOUSING +Y BOTTOM RAIL 
+Y MIDDLE RAIL 
+Y TOP RAIL 
-Y BOTTOM RAIL 
-Y MIDDLE RAIL 
-Y TOP RAIL 
TOP PCB THERMAL PLANE 
RECORD 5056; 35 616 20 .009 
RECORD 5057; 36 617 20 .004 
RECORD 5058; 37 618 20 0 
RECORD 5059; 38 501 20 0 5TH LAYER POLYIMIDE 
RECORD 5060; 39 502 20 0 
RECORD 5061'= 40 503 20 0 
RECORD 5062; 41 504 20 0 
RECORD 506]; 42 505 20 0 
RECORD 5064; 43 506 20 0 
RECORD 5065; 44 507 20 0 
RECORD 5066; 45 508 20 0 
RECORD 5067; 46 509 20 0 
RECORD 5068; 47 510 20 0 
RECORD 5069; 48 511 20 0 
RECORD 5070; 49 512 20 0 
RECORD 5071; 50 513 20 0 
RECORD 5072= 51 514 20 0 
RECORD 5073= 52 515 20 0 
RECORD 5074== 53 516 20 0 
Rt::CORD 5075== 54 517 20 0 
RECORD 5076== 55 518 20 
RECORD 5077= 56 401 20 .003 GROUND LAYER COPPER 
RECORD 5078= 57 402 20 .004 
RECORD 5079== 58 403 20 .001 
RECORD 5080== 59 404 20 .001 
RECORD 5081= 60 405 20 0 
RECORD 5082== 61 406 20 0 
RECORD 5083= 62 407 20 0 
RECORD 5084== 63 408 20 0 
RECORD 5085== 64 409 20 0 
RECORD 5086= 65 410 20 0 
RECORD 5087== 66 411 20 0 
RECORD 5088== 67 412 20 0 
RECORD 5089== 68 413 20 0 
RECORD 5090== 69 414 20 0 
RECORD 5091; 70 415 20 0 
RECORD 5092; 71 416 20 0 
RECORD 5093= 72 417 20 0 
RECORD 5094== 73 418 20 0 
RECORD 5095= 74 301 20 0 3RD LAYER POLYIMIDE 
RECORD 5096= 75 302 20 0 
RECORD 5097= 76 303 20 0 
RECORD 5098= 77 304 20 0 
RECORD 5099= 78 305 20 0 
RECORD 5100= 79 306 7.0 0 
RECOHD 5101= 80 307 20 0 
RECORD 5102= 81 308 20 0 
RECORD 5103= 82 309 20 0 
RECORD 5104= 83 310 20 0 
RECORD 5105= 84 311 20 0 
RECORD 5106= 85 312 20 0 
RECORD 5107= 86 313 20 0 
HECORD 5108= 87 314 20 0 
RECORD 5109= 88 315 20 0 
RECORD 5110= 89 316 20 0 
RECORD 5111 = 90 317 20 ~ Rk:COUD 5112• 91 318 20 
RECORD s ll )• 92 201 20 0 SIGNAL LEVEL (VERY LITTLE CU) 
RE:CORD 5114• 9J 202 20 0 
Ht:CORD 5115• 94 203 20 0 
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RECORD 5116= 95 204 20 0 
RECORD 5117= 96 205 20 0 
RECORD 5118= 97 206 20 0 
RECORD 5119= 98 207 20 0 
RECORD 5120= 99 208 20 0 
RECORD 5121= 100 209 20 0 
RECORD 5122= 101 210 20 0 
RECORD 5123= 102 211 20 0 
RECORD 5124= 103 212 20 0 
RECORD 5125= 104 213 20 0 
RECORD 5126= lOS 214 20 0 
RCCORD 5127= 106 215 20 0 
RECORD 5128= 107 216 20 0 
RECORD 5129"' 108 217 20 0 
RECORD 5130= 109 218 20 0 
RECORD 5131= 110 101 20 0 TOP LAYER POLYIMIDE 
RECORD 5132= 111 102 20 0 
RECORD 5133= 112 103 20 0 
RECORD 5134= 113 104 20 0 
RECORD 5135= 114 lOS 20 0 
RECORD 5136= 115 106 20 0 
RECORD 5137= 116 107 20 0 
RECORD S138= 117 108 20 0 
RECORD 5139= 118 109 20 0 
RECORD 5140= 119 110 20 0 
RECORD 5141= 120 111 20 0 
RECORD 5142= 121 112 20 0 
RECORD 5143= 122 113 20 0 
RECORD 5144= 123 114 20 0 
RECORD 5145= 124 115 20 0 
RECORD 5146= 125 116 20 0 
HECORD 5147= 126 117 20 0 
RECORD 5148= 127 118 20 0 
RECORD 5149= 128 1601 20 .113 BOTTOM PCB THERMAL PLANE COPPER 
RECORD 5150= 129 1602 20 .086 
RECORD 5151= 130 1603 20 .025 
RECORD 5152= 131 1604 20 0 
RECORD 5153= 132 1605 20 0 
RECORD 5154= 133 1606 20 .175 
RECORD 5155= 134 1607 20 0 
RECORD 5156= 135 1608 20 0 
RECORD 5157= 136 1609 20 .375 
RECORD 5158= 137 1610 20 .105 
RECORD 5159= 138 1611 20 .15 
RC:CORD 5160= 139 1612 20 0 
RECORD 5161= 140 1613 20 0 
HECORD 5162= 141 1614 20 0 
RECORD 5163= 142 1615 20 0 
RECORD 5164= 143 1616 20 0 
RECORD 5165= 144 1617 20 0 
RECORD 5166= 145 1618 20 0 
RECORD 5167= 146 1501 20 0 5TH LAYER POLYIMIDE 
RECORD 5168= 147 1502 20 0 
Rf.CORD 5169= 148 1503 20 0 
RECORD 5170= 149 1504 20 0 
HECOfW <;171= 150 1505 20 0 
~{ECORD 5172• 151 1506 20 0 
Ht::CORD 517 3. 152 1507 20 0 
.. lCOIW 5174• 153 1508 20 0 
IH.:CORD 5175• 154 1509 20 0 
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RECORD 5176= 155 1510 20 0 
RECORD 5177= 156 1511 20 0 
RECORD 5178= 157 1512 20 0 
RECORD 5179= 158 1513 20 0 
RECORD 5180= 159 1514 20 0 
RECORD 5181= 160 1515 20 0 
RECORD 5182= 161 1516 20 0 
RECORD 5183= 162 1517 20 0 
RECORD 5184= 16 3 1518 20 0 
RECORD 5185= 164 1401 20 0 GROUND LAYER COPPER 
RECORD 5186= 165 1402 20 0 
RECORD 5187= 166 1403 20 0 
RECORD 5188= 167 1404 20 0 
RECORD 5189= 168 1405 20 0 
RFCORD 5190= 169 1406 20 0 
RECORD 5191= 170 1407 20 0 
RECORD 5192= 171 1408 20 0 
RECORD 5193= 172 1409 20 0 
RECORD 5194= 17 3 1410 20 0 
RECORD 5195= 174 1411 20 0 
RECORD 5196= 175 1412 20 0 
RECORD 5197= 176 1413 20 0 
RECORD 5198= 177 1414 20 0 
RECORD 5199= 178 1415 20 0 
RECORD 5200= 179 1416 20 0 
RECORD 5201= 180 1417 20 0 
RECORD 5202= 181 1418 20 0 
RECORD 5203= 182 1301 20 0 3RD LAYER POLYIMIDE 
RECORD 5204= 183 1302 20 0 
RECORD 5205= 184 1303 20 0 
RECORD 5206= 185 1304 20 0 
RECORD 5207= 186 1305 20 0 
RECORD 5208= 187 1306 20 0 
RECORD 5209= 188 1307 20 0 
RECORD 5210= 189 1308 20 0 
RECORD 5211= 190 1309 20 0 
RECORD 5212= 191 1310 20 0 
RECOilD 5213= 192 1311 20 0 
RECORD 5214= 193 1312 20 0 
RECORD 5215= 194 1313 20 0 
RECORD 5216= 195 1314 20 0 
RECORD 5217= 196 1315 20 0 
RECORD 5218= 197 1316 20 0 
1:\C:ORD 5219= 198 1317 20 0 
RECORD 5220= 199 1318 20 0 
RECORD 5221= 200 1201 20 0 SIGNAL LAYER COPPFR 
RECORD 5222= 201 1202 20 0 
RECORD 5223= 202 1203 20 0 
RECORD 5224= 203 1204 20 0 
RECORD 5225= 204 1205 20 0 
RECORD 5226= 205 1206 20 0 
RECORD 5227= 206 1207 20 0 
RECORD 5228= 207 1208 20 0 
RECORD 5229= 208 1209 20 0 
ru:CUIH.l 5230= 209 121 ') ... o 0 
RECORD 5231• 210 1211 20 0 
RECORD 5232• 211 1212 20 0 
RECORD 5233• 212 1213 20 0 
Ht:CORO 5234• 213 1214 20 0 
FIECORO 52JS• 214 1215 20 0 
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RECORD 5236= 215 1216 20 0 
RECORD 5237= 216 1217 20 0 
RECORD 5238= 217 1218 20 0 
RECORD 5239= 218 1101 20 0 TOP LAYER POLYIMIDE 
RECORD 5240= 219 1102 20 0 
RECORD 5241= 220 1103 20 0 
RECORD 5242= 221 1104 20 0 
RECORD 5243= 222 1105 20 0 
RECORD 5244= 223 1106 20 c 
RECCRu S<:45= 224 1107 20 0 
RECORD 5246= 225 1108 20 0 
RECORD 5247= 226 1109 20 0 
RECORD 5248= 227 1110 20 0 
RECORD 5249= 228 1111 20 0 
RECORD 5250= 229 1112 20 0 
RECORD 5251= 230 1113 20 0 
RECORD 5252= 231 1114 20 0 
RECORD 5253= 232 1115 20 0 
RECORD 5254= 233 1116 20 0 
RECORD 5255= 234 1117 20 0 
RECORD 5256= 235 1118 20 0 
--------------------- END OF USER NODES """""""""" 
~-------~~--------- END OF FLUID -----------------TOTAL THERMAL MASS ENCOUNTERED (W-MIN/C)= 1329.04 
TOTAL THERMAL MASS ENCOUNTERED (BTU /F)= 42.0002 
-------------------END OF FLUID-----------------
NODE 1 (REL NODE 1 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 2 (REL NODE 2 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 3 (REL NODE 3 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 4 (REL NODE 4 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 5 (REL NODE 5 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 6 (REL NODE 6 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 7 (REL NODE 7 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 8 (REL NODE 8 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 9 (REL NODE 9 ) IS BEING ADDED TO THE CURRENT LIST 
NODC 10 (REL NODE 10 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 11 (REL NODE 11 ) IS BEING ADDED TO THE CURRENT LIST 
NUDE 12 (REL NODE 12 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 13 (REL NODE 13 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 14 (REL NODE 14 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 15 (REL NODE 15 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 16 (RE:::. NODE 16 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 17 (REL NuDE 17 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 18 (REL NODE 18 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 19 (REL NODE 19 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 20 (REL NODE 20 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 21 (REL NODE 21 ) IS BEING ADDED TO THE CURRENT LIST 
NOOE 22 (REL NODE 22 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 23 (REL NODE 23 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 24 (REL NODE 24 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 25 (REL NODE 25 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 26 (REL NODE 26 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 27 (REL NODE 27 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 28 (REL NODE 28 ) IS BEING ADDED TO THE CURRENT LIST 
NODE '29 {P.~L NO~E' zg ) ~-- oEING huuEO TO THL CUhREN1' Ll:::i'l' ..~.. .... 
NOllE 30 (REL NC'!)E 30 } IS BEINr, ADDED TO THF CURRENT LIST 
NODE 31 (REL NODE 31 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 32 (REL NODE 32 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 33 (REL NODE 33 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 34 (REL NODE 34 ) IS BEING ADDED TO THE CURRENT LIST 
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NODE 35 (REL NODE 35 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 36 (REL NODE 36 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 37 (REL NODE 37 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 38 (REL NODE 38 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 39 (REL NODE 39 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 40 (REL NODE 40 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 41 (REL NODE 41 ) IS BEING ADDED TO THE CURRENT LIST 
NODE 42 (REL NODE 42 ) IS BEING ADDED TO THE CURRENT LIST 
END OF RADlA'I'l0N L0NDUt:'~ANCE & POWER PROCESSING 
ITAS THERMAL ANALYSIS: 
CHECKOUT PHASE OF PC-ITAS THERMAL ANALYSIS 
TOTAL CARDS ENCOUNTERED: 1776 
TOTAL THERMAL MASSES USED (W-Min/C)= 
TOTAL THERMAL MASSES USED (BTU/F )= 
1366.04 
43.1695 
================================================================================ 
NO. OF THERMAL NODES= 277 
ITAS STEADY-STATE SOLUTION ALGORITHM (SUCCESSIVE POINT ITERATION) PARAMETERS: 
ARLXCA=0.10000E-02, DRLXCA=0.10000E-02 NLOOP= 9999 
******************************************************************************** 
ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2805 TOTAL INPUT ENERGY (W)= 1.2830 
SYSTEM ENERGY BALANCE (W)= 7.1385 ( 556.39 %) 
****************************************************~******~****~**~:•:******~** 
T 
'I' 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
'I' 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
1= 
5= 
9= 
13= 
17= 
21= 
25= 
29= 
33= 
37= 
41= 
903= 
907= 
911= 
922= 
926= 
604= 
608= 
612= 
616= 
502= 
506= 
510= 
514= 
518= 
4f'A-
41Joa 
412= 
416• 
302• 
306• 
llO• 
314• 
39.68 T 
39.46 T 
39.68 T 
20.18 T 
21.65 T 
39.26 T 
39.27 T 
20.89 T 
39.28 T 
21.48 T 
39.44 T 
39.39 T 
39.61 T 
39.68 T 
39.65 T 
39.74 T 
39.43 T 
20.74 T 
20.73 T 
38.64 T 
36.72 T 
24.72 T 
24.85 T 
34.27 T 
35.74 T 
'l4. J:~t: r 
30.38 T 
28.93 T 
31.80 T 
34.73 T 
28.39 T 
29.04 T 
32.73 T 
2= 
6= 
10= 
14= 
18= 
22= 
26= 
30= 
34= 
38= 
42= 
904= 
908= 
912= 
923= 
o01= 
605= 
609= 
613= 
617= 
503= 
507= 
511= 
515= 
401= 
1C5.; 
409= 
413= 
417• 
303• 
307• 
311• 
llS• 
39.43 
39.91 
39.68 
20.43 
37.01 
39.17 
39.43 
20.74 
38.92 
20.84 
38.89 
39.40 
39.68 
39.64 
39.74 
39.02 
20.59 
20.18 
21.65 
39.26 
36.78 
24.88 
24.98 
34.75 
34.13 
21L19 
28.86 
30.18 
32.62 
34.85 
28.81 
29.13 
32.76 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
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3= 
7= 
11= 
15= 
19= 
23= 
27= 
31= 
35= 
39= 
901= 
905= 
909= 
913= 
924" 
602= 
606= 
610= 
614= 
618= 
504= 
508= 
512= 
516= 
406= 
410= 
414c 
418• 
304• 
308• 
312• 
316• 
39.39 T 
39.61 T 
39.68 T 
20.66 T 
38.08 T 
39.02 T 
20.59 T 
39.39 T 
21.45 T 
39.71 T 
39.68 T 
39.46 T 
39.68 T 
40.00 T 
39.54 T 
39.28 T 
21.00 T 
20.43 T 
37.01 T 
39.17 T 
37.12 T 
25.64 T 
24.88 T 
35.15 T 
'31.21 'I' 
28.39 T 
29.04 T 
31.66 T 
32.45 T 
35.41 T 
30. 38 T 
28.93 T 
32.83 T 
4= 
8= 
12= 
16= 
20= 
24= 
28= 
32= 
36= 
40= 
902= 
906= 
910= 
921= 
925= 
603= 
607= 
611= 
615= 
501= 
505= 
509= 
513= 
517= 
4C3= 
407= 
411= 
415• 
301• 
lOS• 
309• 
lll• 
317• 
39.40 
39.68 
39.64 
20.73 
38.64 
39.28 
21.00 
39.42 
22.58 
39.43 
39.43 
39.91 
39.68 
39.65 
39.67 
39.27 
20.89 
20.66 
38.08 
36.53 
24.43 
24.60 
25.99 
35.89 
34.35 
28.81 
29.13 
31.6 3 
34.64 
28.19 
28.86 
JO .18 
ll.S6 
·".$: 
T 318= 33.43 T 201= 35.16 T 202= 35.24 T 203= 35. 34 
T 204= 35.97 T 205= 28.19 T 206= 28.39 T 207= ?8.fl1 
T 208~ 30.38 T 209= 28.86 T 210= 29.04 T 211= 29.13 
T 212= 28.93 T 213= 30.18 T 214= 33.81 T 215= 33.90 
T 216= 33.86 T 217= 34.50 T 218'= 34.40 T 101= 35.68 
T 102= 35.75 T 103= 35.84 T 104= 36.53 T 105= 28.19 
T 106= 28.39 T 107= 28.81 T 108= 30.38 T 109= 28.86 
T 110= 29.04 T 111= 29.13 T 112= 28.93 T 113= 30.18 
T 114= 34.89 T 115= 34.28 T 116= 34.89 T 117= 35.44 
T 118= 35.37 T 1601= 39.39 'f 1602= 39.42 T 1603= 39.28 
T 1604= 38.92 T 1605= 21.45 T 1606= 22.58 T 1607= 21.48 
m 1608= 20.84 T 1609= 39.71 T 1610= 39.43 T 1611= 39.44 .. 
T 1612= 38.89 T 1613= 20.00 T 1614= 20.00 T 1615= 20.00 
T 1616= 20.00 T 1617= 20.00 T 1618= 20.00 T 1501= 38.37 
T 1502= 38.38 T 1503= 38.25 T 1504= 38.02 T 1505= 28.27 
T 1506= 28.85 T 1507= 28.23 T 1508= 27.91 T 1509= 38.52 
T 1510= 38.34 T 1511= 38.28 T 1512= 37.94 T 1513= L.O.OO 
T 1514= 20.00 T 1515= 20.00 T 1516= 20.00 T 1517= 20.00 
1' 1518= 20.00 T 1401= 37.38 T 1402= 37.38 T 1403= 37.26 
T 1404= 37.17 T 1405= 34.89 T 1406= 34.97 T 1407= 34.75 
T 1408= 34.63 T 1409= 37.36 T 1410= 37.28 T 1411= 37.17 
T 1412= 37.04 T 1413= 20.00 T 1414= 20.00 T 1415= 20.00 
T 1416= 20.00 T 1417= 20.00 T 1418= 20.00 T 1301= 37.55 
T 1302= 37.54 T 1::,03= 37.43 T 1304= 37.34 T 1305= 34.89 
T 1306= 34.97 T 1307= 34.75 T 1308= 34.63 T 1309= 37.53 
T 1310= 37.46 T 1311= 37.35 T 1312= 37.23 T 1313= 20.00 
T 1314= 20.00 T 1315= 20.00 T 1316= 20.00 T 1317= 20.00 
T 1318= 20.00 T 1201= 37.71 T 1202= 37.71 T 1203= 37.60 
T 1204= 37.51 T 1205= 34.89 T 1206= 34.97 T 1207= 34.75 
T 1208= 34.63 T 1209= 37.71 T 1210= 37.64 T 1211= 37.54 
T 1212= 37.42 T 1213= 20.00 T 1214= 20.00 T 1215= 20.00 
T 1216= 20.00 T 1217= 20.00 T 1218= 20.00 T 1101= 37.88 
T 1102= 37.87 T 1103= 37.77 T 1104= 37.68 T 1105= 34.89 
T 1106= 34.97 T 1107= 34.75 T 1108= 34.63 T 1109= 37.88 
T 1110= 37.82 T 1111= 37.73 T 1112= 37.61 T 1113= 20.00 
T 1114= 20.00 T 1115= 20.00 T 1116= 20.00 T 1117= 20.00 
T 1118= 20.00 T 
ASCENDING NODE NUMBER : TEMPERATURE 
******************************************************************************** 
ITAS STEADY-STATE SOLUTION (SUCCESSIVE POINT ITERATION) 
NO. OF ITERATIONS= 2805 TOTAL INPUT ENERGY (W)= l. 2830 
~'i ~:i'l'E~ E:NE~GY BALANCE (W) = 7.1385 ( 556.39 %) 
*******************~k*~********************************************************x 
T 1= 39.676 T 2= 3'1.4:::?. T 3= 39.392 T 4= 39.400 
T 5= 39.458 T 6= 39.911 T 7= 39.C:2 ... 8= 39.684 • 
T 9= 39.684 T 10= 39.684 T 11= 39.684 T 12= 39.642 
T 1 3= 20.181 T 14= 20.433 T 15= 20.655 T 16= 20.725 
T 17= 21.649 T 18= 37.012 T 19= 38.079 T 20= 38.644 
T 21= 39.2~·- ,.. 2r 10.~~A .,. .,~_ 39.ul8 I' 2•!= j~. 2 ., b 
T 25= 39.272 T 26= 39.428 T 27= 20.586 T 28= 20.996 
T 29= 20.890 T 30= 20.740 T 31= 39. 39 3 T 32= 39.417 
T 33= 39.280 T 34= 38.924 T 35= 21.450 T 36= 22.584 
T 37= 21.483 T 38 .. 20.843 T 39= 39.710 T 40= 39.425 
T 41= 39.4.!6 T 42• 38.892 T 101= 35.675 T 102= 35.753 
T l 0 3• 35.841 T 104• 36.526 T 105• 28.187 T 106= 28.391 
T 107- 28.807 T 108• 30.378 T 109• 28.861 T 110" 29.042 
T 111. 29.133 T 112• 28.932 T 113• 30.184 T 114• 34.890 
T llS• 34.280 T 116• )4. 889 T 117• 3S.4l8 T 118• lS.J74 
T 201• )!).159 T 202• 35.240 T 203• H. )44 T 204• JS.<jb'J 
93 
T 205= 28.187 T 206= 28.391 T 207= 28.807 T 208= 30.378 
T 209= 28.861 T 210= 29.042 T 211= 29.133 T 212= 28.932 
T 213= 30.184 T 214= 33.812 T 215= 33.901 T 216= 33.860 
T 217= 34.498 T 218= 34.400 T 301= 34.643 T 302= 34.727 
T 303= 34.847 T 304= 35.412 T 305= 28.188 T 306= 28.391 
T 307= 28.808 T 308= 30. 378 T 309= 28.861 T 310= 29.042 
T 311 = 29.133 T 312= 28.912 T 313= 30.184 T 314= 32.735 
T 315= 32.764 T 316= 32.831 T 317= 33.557 T 318= 33.427 
T 401= 34.127 T 402= 34.214 T 403= 34.351 T 404= 34.855 
T 405= 28.188 T 406= 28.391 T 407= 28.808 T 408= 30.378 
T 409= 28.861 T 410= 29.042 T 411= 29.133 T 412= 28.932 
'l' 413= 30.185 T 414= 31.658 T 415= 31.627 T 416= 31.803 
T 417= 32.616 T 418= 32.454 T 501= 36.526 
m 502= 36.716 • 
T 503= 36.783 T 504= 37.115 'l' 505= 24.4 32 T 506= 24.721 
T 507= 24.878 T 508= 25.637 T 509= 24.597 T 510= 24.847 
T 511= 24.976 T 512= 24.881 T 513= 25.989 T 514= 34.275 
T 515= 34.749 T 516= 35.149 T 517= 35.691 T 516= 35.740 
T 601= 39.019 T 602= 39.278 T 603= 39.272 T 604= 39.428 
T 605= 20.586 T 606= 20.996 T 607= 20.891 T 606= 20.740 
T 609= 20.181 T 610= 20.433 T 611= 20.656 T 612= 20.726 
T 613= 21.650 T 614= 37.013 T 615= 36.079 T 616= 38.644 
T 617= 39.259 T 616= 39.166 T 901= 39.676 T 902= 39.432 
T 903= 39.392 T 904= 39.401 T 905= 39.456 T 906= 39.911 
T 907= 39.612 T 908= 39.685 T 909= 39.685 T 910= 39.685 
T 911= 39.684 T 912= 39.642 T 913= 40.000 T 921= 39.649 
T 922= 39.650 T 923= 39.739 T 924= 39.642 T 925= 39.667 
T 926= 39.740 T 1101= 37.875 T 1102= 37.871 T 1103= 37.773 
T 1104= 37.683 T 1105..., 34.893 T 1106= 34.966 T 1107= 34.751 
T 1108= 34.628 T 1109= 37.882 T 1110= 37.822 T 1111= 37.727 
T 1112= 37.613 T 1113= 20.000 T 1114= 20.000 T 1115= 20.000 
T 1116= 20.000 T 1117= 20.000 T 1118= 20.000 T 1201= 37.711 
T 1202= 37.707 T 1203= 37.603 T 1204= 37.511 T 1205= 34.893 
T 1206= 34.966 T 1207= 34.751 T 1208= 34.628 T 1209= 37.708 
T 1210= 37.642 T 1211= 37.540 T 1212= 37.423 T 1213= 20.000 
T 1214= 20.000 T 1215= 20.000 T 1216= 20.000 T 1217= 20.000 
T 1218= 20.000 T 1301= 37.547 T 1302= 37.543 T 1303= 37.432 
T 1304= 37.340 T 1305= 34.894 T 1306= 34.966 T 1307= 34.751 
T 1308= 34.629 T 1309= 37.533 T 1310= 37.462 T 1311= 37.353 
T 1312= 37.233 T 1313= 20.000 T 1314= 20.000 T 1315= 20.000 
T 1316= 20.000 T 1317= 20.000 T 1318= 20.000 T 1401= 37.384 
T 1402= 37.379 T 1403= 37.261 T 1404= 37.169 T 1405= 34.694 
T 1406= 34.967 T 1407= 34.752 '1' 1408= 34.629 •t• 1409= 37.35Q 
T 1410= 37.283 T 1411= 37.167 T 1412= 37.043 T 1413= 20.000 
T 1414= 20.000 T 1415= 20.000 T 1416= 20.000 T 1417= 20.000 
T 1418= 20.000 T 1501= 36. 371 T 1502= 38.383 T 1503= 38.252 
'I' 1504= 38.016 T 1505= 28.272 T 1506= 28.850 T 1507= 28.225 
1' lSOA= ?.7.912 T 1!>09= 38.516 T 1510= 38.339 T 1511= 38.280 
T 1512= 37.936 T 1513= 20.000 T 1514= 20.000 T 1515= 20.000 
T 1516= 20.000 T 1517= 20.000 T l"i18= 20.000 T }("::.~ 
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T i60?- 3'1. 417 T 1503= 39.280 '!' 1604; 3~.~2!:> T 1b05= d,450 
T 1606= Z2.585 T 1607= 21.484 T 1608= 20.844 T 1609= 39.711 
T 1610= 39.426 T 1611= 39.436 T 1612= 38.893 T 1613= 20.000 
T 1614= 2). 000 T 1615= 20.000 T 1616= 20.000 T 1617= 20.000 
T 1618:: 20.000 T 
ASCENDING NODE NUMBER : IMPRESSED Q 
Q 1• u.ooo Q z .. o.ooo Q 3= o.ooo Q 4= 0.000 
Q 5• o.ooo Q 6• o.ooo Q 7o: o.ooo Q 8= 0.000 
Q 9• 0.000 0 10• o.ooo 0 11• o.ooo 0 12• 0.000 
0 ll• o.ooo 0 14• o.ooo 0 15• o.ooo 0 16• 0.000 
0 17• o.ooo 0 18• o.ooo Q 19• o.ooo 0 20• 0.000 
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Q 21= o.ooo Q 22= 0.00() Q 23= 0.000 Q 24= 0.000 
Q 25= o.ooo Q 26= o.ooo Q 27= 0.000 Q 28= 0.000 
Q 29= o.ooo Q 30= o.ooo Q 31= 0.000 Q 32= 0.000 
Q 33= o.ooo Q 34= o.ooo Q 35= 0.000 Q 36= 0.000 
Q 37= o.ooo Q 38= o.ooo Q 39= 0.000 Q 40= 0.000 
Q 41= o.ooo Q 42= 0.000 Q 101= 0.000 Q 102= 0.000 
Q 103= o.ooo Q 104= 0.000 Q 105= 0.000 Q 106= 0.000 
Q 107= o.ooo Q 108= o.ooo Q 109= 0.000 Q 110= 0.000 
Q 111= o.ooo Q 112= o.ooo Q 113= 0.000 Q 114= 0.000 
Q 115= o.ooo Q 116= o.ooo Q 117= 0.000 Q 118= 0.000 
Q 201= C.Q')O Q 202= o.ooo Q 203= 0.000 Q 204= 0.000 
Q 205= o.ooo Q 206= o.ooo Q 207= 0.000 Q 208= 0.000 
Q 209= o.ooo Q 210= o.ooo Q 211= 0.000 Q 212= 0.000 
Q 213= o.ooo Q :::14= 0.000 Q 215= 0.000 Q 216= 0.000 
Q 217= o.ooo Q 218= o.ooo Q 301= 0.000 Q 302= 0.000 
Q 303= o.ooo Q 304= 0.000 Q 305= 0.000 Q 306= o.ooo 
Q 307= o.ooo Q 308= o.ooo Q 309= 0.000 Q 310= 0.000 
Q 311= o.ooo Q 312= 0.000 Q 313= 0.000 Q 314= 0.000 
Q 315= o.ooo Q 316= 0.000 Q 317= 0.000 Q 318= 0.000 
Q 401= 0.003 Q 402= 0.004 Q 403= 0.001 Q 404= 0.001 
Q 405= o.ooo Q 406= o.ooo Q 407= 0.000 Q 408= 0.000 
Q 4.09= o.ooo Q 410= 0.000 Q 411= 0.000 Q 412= o.ooo 
Q 413= o.ooo Q 414= o.ooo Q 415= 0.000 Q 416:o 0.000 
Q 4.17= o.ooo Q 418:o o.ooo Q 501= 0.000 Q 502= 0.000 
Q 503= o.ooo Q 504= 0.000 Q 505= 0.000 Q 506:o 0.000 
Q 507= o.ooo Q 508= o.ooo Q 509= 0.000 Q 510"' 0.000 
Q 511= o.ooo Q 512= o.ooo Q 513= 0.000 Q 514= 0.000 
Q 515= o.ooo Q 516= 0.000 Q 517= 0.000 Q 518= 0.000 
Q 601= 0.037 Q 602= 0.047 Q 603= 0.020 Q 604:o 0.010 
Q 605= 0.011 Q 606= 0.060 Q 607= 0.011 Q 608= 0.000 
Q 609= o.ooo Q 610= 0.008 Q 611= 0.008 Q 612= 0.011 
Q 613= o.ooo Q 614= o.ooo Q 615= 0.009 Q 616= 0.009 
Q 617= 0.004 Q 618= o.ooo Q 901:o 0.000 Q 902= 0.000 
Q 903= o.ooo Q 904= o.ooo Q 905:o 0.000 Q 906= 0.000 
Q 907:o a.ooo o 908= o.ooo Q 909= 0.000 Q 910:o 0.000 
Q 911= o.ooo Q 912= 0.000 Q 913= 0.000 Q 921= 0.000 
Q 922= o.ooo Q 923= o.ooo Q 924= 0.000 Q 925= 0.000 
Q 926= o.ooo Q 1101= o.ooo Q 1102= 0.000 Q 1103:o 0.000 
Q 1104= o.ooo Q 1105= 0.000 Q 1106= 0.000 Q 1107:o 0.000 
Q 1108= o.ooo Q 1109= 0.000 Q 1110= 0.000 Q 1111= 0.000 
Q 1112= o.ooo Q 1113= 0.000 Q 1114= 0.000 Q 1115= 0.000 
Q 1116= o.ooo Q 1117= o.ooo Q 1118= 0.000 Q 1201= 0.000 
Q 12 'J2 = o.ooo Q 1203= 0.000 Q 1204= 0.000 Q 1205= 0.000 
Q l2U?= o.ooo Q 1207= 0.000 Q 1208= 0.000 Q 1209= 0.000 
Q 1210= o.ooo Q 1211= 0.000 Q 1212= 0.000 Q 1213= 0.000 
Q 1214= o.ooo Q 1215= 0.000 Q 1216= 0.000 Q 1217= 0.000 
Q 1218= o.ooo Q 1301= 0.000 Q 1302= 0.000 Q 1303= 0.000 
Q 1304= o.ooo Q 1305= 0.000 Q 1306= 0.000 Q 1307= o.oco 
Q 1308= o.ooo Q 1309= 0.000 (I 1310= 0.000 Q 1311= 0.000 
Q 1312= "·""0 Q 1313= 0.000 Q 1314= 0.000 Q 1315:o 0.000 
v 1316= o.ooo Q 1317= 0.000 Q 1318:o 0.000 Q 1401= 0.000 
Q 1402= o.ooo Q 1403= 0.000 Q 1404= 0.000 Q 1405= 0.000 
Q 1406= o.ooo Q 1407= 0.000 Q 1408:o 0.000 Q 1409= 0.000 
Q 1410= o.ooo Q 1411= 0.000 Q 1412= 0.000 Q 1413= 0.000 
Q 1414= o.ooo Q 1415= 0.000 Q 1416= 0.000 Q 1417= 0.000 
0 1418• o.ooo Q 1501-= 0.000 Q 1502= 0.000 Q 1503= 0.000 
Q 1504• o.ooo Q 1505• o.ooo Q 1506• 0.000 0 1507s: 0.000 
0 1508• o.ooo 0 1509• 0.000 0 1510• 0.000 0 1511• 0.000 
0 1512• o.ooo 0 151 l• 0.000 0 1514• 0.000 0 1515• 0.000 
Q 1516• o.ooo 0 1517• o.ooo 0 1518• 0.000 0 1( 01• 0.113 
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Q 1602= 0.086 Q 1603= 0.025 Q 1604= 0.000 Q 1605= 0.000 
Q 1606= 0.175 Q 1607= 0.000 Q 1608= 0.000 Q 1609= 0.375 
Q 1610= 0.105 Q 1611= 0.150 Q 161?.= 0.000 Q 1613= 0.000 
Q 1614= 0.000 Q 1615= 0.000 Q 1616= 0.000 Q 1617= o.ooo 
Q 1618= 0.000 Q 
************************************* 
THERMAL CALC CPU TIME (second) 100.790 
************************************* 
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